g

CIVIL ENGINEERING STUDIES

PHOTOGRAMMETRY SERIES NO, 39

THREED—A COMPUTER PROGRAM FOR THREE
DIMENSIONAL TRANSFORMATION OF COORDINATES

(NASA-CR-134208) THREED: A COMPUTER E74-20014
PREOGRAM FOR THREE DIMEWSIONAL
TRANSFORMATICN OF COORDINATES

Photogrammetry Series Wo. 39 (Illinois Unclas
Univ. )12 p HC $8.75 , CscL 08B G314 33467
By
K. W. WONG

A Report on a Study
Sponsored by
NASA-LYNDON B. JOHNSON SPACE CENTER
Contract No. MAS 9-12446

UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN
URBANA, ILLINOIS
JANUARY 1974




THREED - A Computer Program for Three
Dimensional Transformation of Coordinates

by

Dr. Kam W. Wong
Associate Professor of Civil Engineering

January 1974

A Report on a Study
Sponsored by
NASA - Lyndon B. Johnson Space Center
Contract No. NAS 9-12446

University of I1linois at Urbana-Champaign
' Urbana, I11inois 61801

UILU-ENG-74-2004



!/
TABLE OF CONTENTS

INTRODUCTION . . . v v & v v v v v e e h e e s e e e v s
MATHEMATICAL FORMULATION . . . . . . ¢ v v v v v v v v o
INSTRUCTION FOR DATA INPUT . . . . . . . . v o « . « o o

3.1 To Perform Absolute Orientation . . . . . . . . . ..
3.2 To Study Accuracy of Absolute Orientation by

Simulation . .« v ¢ o v 0 e e e e e e e e e e e e
3.3 To Determine the Uncertainty in the Orientation

of the Surface Defined by a Set of Triangulated

Pass Points . . . . . . ¢ . o v v v e e e e e

FLOW CHARTS . . . . . o o v i et et e v e e e e e e

Flow chart of THREED-MAIN . . . . . . . . . . . « . .
Flow chart of INPUTT . . . .. e e e e e e e .
Flow chart of INPUT2 . . . . . & . « v v v o v v -
Flow chart of INPUT3 . . . . . . « « « « v v v v o
Flow chart of TRANSF . . . . . « v ¢ v v v v v « v
Flow chart of WEIGHT . . . . . . . . . « . « « « . .
Flow chart of DETCAL . . . . . . . . . . « « « « . .
Flow chart of SIGMA . . . . . . . . . . . . . . ..

BT - SR L U Y
OO~ O O o ) PO -

PROGRAM LISTING . . . . . . . . . o v o v v v e v v v
SAMPLE RUNS . . . . . . . o o s s e s e e

6.1 To Perform Absclute Orientation . . . . .. . . . ..
6.2 To Study Accuracy of Absolute Orientation
by Simulation . . . . . . . . .. L. ... ...,
6.3 "To Determine the Uncertainty in the Orientation of
the Surface Defined by a Set of Triangulated Pass
Points . . . . . o 0 o e e e s e e e e e e



I. INTRODUCTION

THREED 1is the code name of a computer program which has been developed

for performing absolute orientation by the method of three-dimensional projec-
tive transformation. It has the capability of performing compiete error analy-

$is on

the computed transformation parameters as well as the transformed

coordinates.

The accuracy of absolute orientation depends on the following factors:

1) accuracy of the model coordinates,

2) accuracy of the ground controls,
3) density and distribution of control points,
4) size of the area, and

5) scale of the stereo model.

System
may be

Program THREED was coded in FORTRAN IV computer language for the IBM
360/75 computer at the University of I1linois at Urbana-Champaign. It
used to perform any one of the following functions:
1. To perform absolute orientation.

The program takes as input the model coordinates of a set of model
points and the ground coordinates of a group of control points. Both
the model and the ground coordinates of the control points can be weighted
individually according to their variance-covariance matrices. The pro-
gram computes the seven transformation parameters (XT, YT’ ZT, wy ¢ K
and scale} and their estimated standard errors. The program also trans-
forms the model coordinates of any pass point into the ground reference
system and determines the standard errors of the transformed coordinates.
2. To study accuracy of absolute orientation by simulation.

In simulation application, the program takes as input 1) the
ground coordinates of a set of control points; 2) the variances of
the ground control coordinates; 3) the variances of the model coor-
dinates; and 4) the scale of the model. The program then generates a
set of model coordinates for the given ground points and perturbs
them according to the specified accuracy of the model points. It then
performs a regular absolute orientation solution and outputs the estimated
standard errors of the seven absolute orientation parameters.
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3. To determine the uncertainty in the orientation of the surface
defined by a set of triangulated pass points.
The direct output of a phototriangulation solution is the ground
coordinates of a set of pass points and their standard errors. Program
THREED can be used to determine the uncertainty in the orientation
(XT, Yos Zys w, ¢, « and scale) of the surface defined by the set of
pass points. The program takes as input the pass point coordinates and
their standard errors. It then generates fictitious ground control
coordinates which are translated, rotated and may have different scale
with respect to the pass point coordinates. The pass point coordinates
are then treated as model coordinates and transformed into the ground
system. By assigning very small standard errors to the fictitious
ground coorindates, the standard errors of the computed transformation
parameters then reflect the uncertainity in the orientation of the
surface defined by the set of pass points.
Program THREED was developed for the purpose of a research study on
the treatment of control data in Tunar phototriangulation. The project
was sponsored by NASA - Lyndon B. Johnson Space Center under Contract No.
NAS 9-12446. The application of program THREED in studying the accuracy the
Tunar phototriangulation was reported in the final technical report of this
project (1). Nick G. Yacoumelos, presently an Assistant Professor at Lowell
Institute of Technology, was the research assistant on this project and was
responsible for the coding and testing of program THREED.

2. MATHEMATICAL FORMULATION

The program THREED is based on the equations for three-dimensional
projective transformation which are as follows:

(1} Wong, K. W., “Treatment of Control Data in Lunar Phototrianguiation,"
Civil Engineering Studies, Photogrammetry Series No. 37, University of
I17inois at Urbana-Champaign, Urbana, I1linois, 61801, January 1974,
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The model coordinates of each control point generates one set of equations
as in Eq. (2.2). For m control points, the complete set of observation equations
may be expressed as follows:

[ ¥ ] [ 3 ] r" 17 ’e : - ]
B B a1 =
1 | B B, bl |e2
A+ =
-VmJ _ Bm‘ | Bm ] _Am_ -am‘
i.a. V+Ba +BA =e (2.3)

In order to permit flexible weighting of the seven transformation

parameters as well as the ground control coordinates, one set of observation
equations is introduced for each. The set of observation equations for the
transformation parameters are as follows:

y _ 0 oo
VXT - AXT - XT - XT
" - yO _ y0o
v - 70 _ 00
Uw - Aw = wo - woo
V¢ - ae = 40 - 40
i - o= 0o
V- o= 2%
where X?, Y?, ... and 2° are approximated parameters; and X?o, Y?O,
and 2°° are measured parameters. In matrix notation, this set of equations

may be simply written as follows:
; .

- A = £ (2.4)
(7.1)  (7,1)  (7,1)
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The observation equations for the jth ground control point are as follows:

p ) -1 r - r 1
i 0 00
u _ 0_,00
0 00
sz ZJ Zj ZJ

Again, the superscript (o) denotes approximation parameters and the superscript

(00) denotes measured parameters. Equation (4.5) may be simply written as

The complete set of observation equations for all control points are as
follows:

[ e T r .. f 7
Vo - (282]%] =2
Ve ] Ll L EmJ
i.e. V-a=e (2.6)

Combining Eqs. (2.3), (2.4) and (2.6) yields the following observation
model : '

vl {8 B| {a

tm

vi|[-1 0 =]

v 0 -I A £
i.e. V+Br = € ' (2.7)
The normal equation 1is thgn as follows:

(8™wB)a = BTWC (2.8)

where W is the weight matrix for the observations. An iterative solution

procedure must be followed. An initial set of approximate values is assigned

to all unknown transformations parameters. The solution solved for the
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corrections and then apply the corrections to the approximations., The
solution is iterated until a stable solution is reached.

~ After the last iteration, the variance-covariance matrix (cT) of
the computed transformation parameters is computed by the following ex-
pression:

- BTwB) "~ (2.9)

s 2-( T
T %
where cg is the variance of unit weight. The ground coordinates of all
other model points and the corresponding standard errors are computed by the

following expressions:

=1
Xy =y (mppxy o+ mygyg + mapzs) + Xp

Y = 3 (mpXy * Mypyy + Mp25) + Yo

Zj = 3 (mygxy * myays + mygz) + o

2 _ 2
TARUTRE SRR
J J
. 2 2 2
+ [—(s1n¢cosz)xj + (s1n¢s1nn)y + cos¢z 1 I
+ [=cos¢sim<xJ - COS$COSKY; ]2 2, 2
2 -2 2 2 -2 2 2 -2 2 2
+ myqx o3 + Maqad a + Maq A 5] +a
M R | i "%
2 _ -
v, T (mpXy ¥ myoys + mgoz, ), 2
J J

+ [{-sinwsing + c05wsin¢005m)xj + (-sinwcosc - c05msin¢sinK)yj

- COSmCOS¢Z ] A 2 2

2 2 2

+ [(SianOS¢COSK)X - (S1anOS¢S1nK)y + s1nms1n¢z 15 %



-7~

. . . . , , -2 2
+ [{coswcosk - 51nws1n¢51nx)xj - {cosuwsink + s1nms1n¢cosK)yj]2A ZUK

: 2 -2 2 2 . -2 2 2 -2 2 2
+ Mish o T Mok o t my,d o t a
12 Xj 22 Yj 32 Zj YT
— 2.-4 2
o7 " = (m]3xj + MY ; + m33zj) P

+ [{coswsing + sinmsincpcosk:)xj + (coswcosk - sinmsin¢sinc)yj

. : 2.-2 2
51nmcos¢zj] o,

i

[(ec05mcos¢cos»<)xj + (COSmcos¢sinK)yj - c05wsin¢zj]21"20¢2

+

2

K

+

[(sinwcosk + c05msin¢sinn)xj + (-sinwsing + 005m51n¢c05K)yj]2A“20

2 -2 2 2 -2 2 2 -2 2 2
m]3h GXj + m23k ch + m33h Uzj + GZT

+

(2.10)

The m; 5 terms in the above equations are defined as in Eq. (2.1).
3. INSTRUCTION FOR DATA INPUT

The first three cards in the data deck are the same for all three
applications of the program THREED. These cards are specified as follows:

Card 1. Parameter CArd (6I110)

Col.
1-10  JJ To specify type of problem
= 1 to study accuracy of absolute orientation by
simulation

2 to perform absolute orientation

3 to determine uncertainty in the orientation of a
surface defined by a set of triangulated pass points.



'Card 2.

Card 3.

-8~

Total number of points in the model, including both
control points and points to be transformed into the
ground reference system.

Number of control points, i.e. points for which the
mode! and ground coordinates are both known.

Maximum number of iterations allowed.

= 0 Full variance-covariance matrix to be input for
ground coordinates.

= 1 Diagonal elements of variance-covariance matrix to
be input for ground coordinates

= 0 Full variance-covariance matrix to be input for
model coordinates

= 1 Diagonal elements of variance-covariance matrix
to be input for model coordinates

Standard error of unit weight

Variances of Input Transformation Parameters (7E10.3)

11-26 NP
21-30  NCP
31-40  MAXITR
. 41-50  JPRINT
51-60  IPRINT
(F20.10)
Col.
1-20  SIGO
Col.
2
1-10 og e
2
11-20 o
Xy
2
21-30 o
Yr
2
31-40 o
Zy
41-50 o°
L
51-69 05
61-70 o°
[

Variance of input scale

Yariance of X-translation
Variance of Y-translation
Variance of Z-transliation

Variance of w-rotation
Variance of ¢-rotation

Variance of x-rotation
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The contents of the remaining input cards will depend on the purpose
for which program THREED is to be used. The input data format for the three
different applications of the program will be described separately on the
following sections.

3.1 To Perform Absolute Orientation (JJ = 2 in Card 1)
Subroutine INPUT2 governs the data input for this application.

Card 4. 1ID numbers of the four corner control points (4110)

Col.

1-10 N1 A control point located at the upper left-hand corner of

the area

11-20 N2 A control point at the upper right-hand corner

21-30 N3 A control point at the Tower right-hand corner

31-40 N4 A control point at the Tower left-hand corner

These control points will be used by the program to compute preliminary
approximations to the transformation parameters.

Card 5 Sequence. Ground Coordinates of the Control Points (I5,3F15.3)
There should be one card for each control point giving a total of
NCP cards in this sequence, with NCP being specified in Card 1 of the deck.
Col. _
1-5 I ID number of control point
6-20 X X-coordinate
21-35 Y Y-coordinate
36-50 Z Z-coordinate

Card 6 Sequence. Model Coordinates of All Points (I5,F16.3,F14.3,F15.3,28%,12)
There should be one card for each model point giving a total of NP
cards in this sequence.
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Col.

1-5 ID ID number of model point

6-21 X x-coordinate

22-35 y y-coordinate

36-50 z z-coordinate

79-80 II =1 9f this is the last card in the sequence.

Card 7 Seguence.  Variance-covariance Matrix of the Ground Coordinates
(15,9£8.2,13)
There should be one card for each ground control point giving a total
of NCP cards in this sequence.
Col.
1-5 ID ID number of control point
2
6-13 Iy
22-29 Tyz
30-37
38-45 o,°2
46-53
54-61
62-69
70-78

79-80 1II = 1 for last card in the sequence

Card 8 Sequence. Variance-Covariance Matrix of Model Coordiantes (I5,9£8.2,13)
There should be one card for each model point, and a total of NP cards.
Same format description as in the Card 7 Sequence.

3.2 To Study Accuracy of Absolute Orientation by Simulation (JJ = 1 in Card 1)
Subroutine INPUT1 governs the data input for this application.



Card 4.

area wi

Parameter Card
(F10.5,1170)
Col. _
1-10  GSCAL Scale of model coordinates with respect to ground
coordinates '
11-20 IAREXP Integer power of 10 which multiplies input ground
' coordinates to give the desired dimension on the
ground coordinates for the purpose of simulation.
The factor IAREXP provides a means of varying the dimension of the
thout having to change the input ground coordinates. For example,

by letting IAREXP = 2, the program multiplies all input ground coordinates
in Card 5 sequence below by a factor of 102.

Card 5

should

Card 6.

Sequence. Ground Coordinates of Data Points (3F15.5)

Each card will define the approximate location of one point. There
be NP cards in this sequence, with NP being specified in Card 1.
Col.

1-16 % X-coordinate
16-30 Y Y-coordinate
31-45 7 Z-coordinate

Variances of the Model Coordinates (3E10.3)
Col.

2

1-10 S,

1-20 ¢ 2
] Uyz
21-30 s,

These variances will be used to compute the weights for the model

coordinates {(x, y, z).

Card 7.

Variances of the Ground Control Coordinates (3E10.3)
Col. 7
1410 o)
2
11-20 Oy

2
21-30 oy
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These variances will be used to compute the weights of the ground
control coordinates.

Card 8. Translations and Rotations of Model Coordinates with Resepct to
Ground Coordinates {10X,6F10.5)

Col.

11-20 XC - X-translation
21-30 YC Y-translation
31-40 ZC Z-translation
41-50 OME w-rotation
51-60 PHI ¢-rotation

61-70 CAPA k-rotation

The ground coordinates given in Card 5 sequence above will be translated
and rotated according to these factors to generate the fictitious model
coordinates (x, y, z).

Card 9. Seeds and Standard Deviations for the Random Realignment of the
Ground Coordinates 2(I10,F15.5)

Col.
1-10 IX1 A seed number for generating random numbers. It should
be an odd integer with up to 9 digits.
11-25 S§1 Standard deviation of the random perturbation to be
applied to the X and Y coordinates of the ground controls.
26-35 1IX2 A second seed number
36-50 82 Standard deviation of the random perturbation to be

applied to the Z-coordinates of the ground controls.

The ground coordinates in Card 5 sequence are perturbed by the above
standard deviations to derive the ground control coordinates for the simulation.
These perturbations serve to create a slightly irregular pattern to the distri-
bution of the ground controls.
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Card 10. Seeds for the Perturbation of Model and Ground Coordinates (6110)

Col.

1-10  IX3
11-20 1IX4
21-30 IX5
31-40 1IX6
41-50 IX7
51-60 IX8

These seed numbers will be used to generate random perturbations to
the model and ground coordinates in the simulation. These perturbations
represent random errors in the measurements of the model and ground coordinates.
They will follow a normal distribution with the variances defined jn cards
6 and 7 above.

Card 11. Perturbations of the Seven Transformation Parameters (7F10.6)

Col.

1-10  DSCAL Scale perturbation

11-20 DXC X-translation perturbation
21-30 DYC Y-translation perturbation
31-40 DIC Z-translation perturbation

41-50 DOME w-rotation perturbation

51-60 DPHI ¢-rotation perturbation

61-70 DCAPA  «-rotation perturbation

These perturbations are applied to the true values of the transformation
parameters to derive realistic initial approximations to these parameters.

3.3 To Determine the Uncertainty in the Orientation of the Surface Defined
By a Set of Triangulated Pass Points. (JJ = 3 in Card 1)

Card 4. Four seed numbers -(4I10)

Col.

1-10  IX1.
11-20 1IX2
21-30 IX3
31-40 1IX4

A1l seed numbers must be oddintegers with up to 9 digits.
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Card 5 Sequence. Pass point coordinates from triangulation solution
(110,3F15.2)
There should be one card for each pass point, and a total of NP
(=NCP) cards with NP being specified in Card 1.

Col.

1-10  ID ID number of pass point
11-25 x ~ x-coordinate

26-40 y y-coordinate

41-65 2z z-coordinate

Card 6 Sequence. Standard errors of pass point coordinates (110,3F20.10,8X,12)
There should be one card for each of the pass points in the card 5 sequence
above.
Col.
1-10 1D ID number of pass point
11-30 o

31-50 o
51-70 ¢

79-80 11 = 1 to indicate last card in this sequence

Card 7. Mean and standard deviation for the rotation parameters (2F10.5)
Col. '
1-10  DEGI Mean rotations (w,é and x) in radians to be applied
to the fictitious ground coordinates
11-20 DEG2 Standard deviation within which a random perturbation
is to be generated for each of the w, ¢ and « rotations.
The parameters DEG] and DEG2 define the distribution from which fictitious
values are generated for the three rotations w, ¢ and «. A set of fictitious
ground control coordinates will be generated to have such rotations with
respect to the pass point coordinates in card sequence 5.

Card 8. Mean and standard deviation for the translation parameters. (2F10.5)
Col. .
1-10  ATRA Mean translations in X, Y and Z
11-20 DTRA Standard deviation of the random perturbations
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These parameters are used to generate fictitious translations.

Card 9. Mean and deviation of the model scale. (2F10.5)
Col.
1-10  ASCAL Mean scale
11-20 DSCAL Standard deviation of random perturbation.

Card 10. Variances of the ground coordinates 3(E10.3,5X)
Col. '

2
1-10 oy
o 2

Y

21-30 o

11-20

2
z

These parameters should be assigned very small values, e.q. dy

2 _ 2 _
oy =0y = 1.000 E-10.

2
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3.4 (ONTROL CARDS USAGE

3.,4,1 CONTROL CARDS TD LDAD THREED ON DISK

/*ID TIME=(2,00), L INESK4000,IPRPEQ=2000,RECIONS300K

/7 EXEC  DUMMY
778 DD UNIT2DISK,vOL=SER=UTUSRe,NSNeUSER,Pag77,THREED,

/7 DISPm(sCATLG )2 SPACEw(TRK2(%0,552))
/7 EXEC FORTSREGIONZ250K
/7FORT,SYSIN DD

dh ok SOURCE DECK #wanes

/%

17 EXEC LKGOFORT» GOF ILEe™ySER,PA4TT  THREENC THREED)™»REGION, O290k
//G0,SYSIN DD «

tatad TEST DATA SET dwauw

A

3,2,2 ¢DNTROL CARDS 7O USE THREED FROM DTSK

/1D TIMEW(1,0),LINES=1000,REGTONZ237K

/¢ EXgC PROGFDRY,PROGeYHRREEDPREGION=232K
//STEPLIR DD DSN=USER,PAETT . THREED»DISPeSHR
//760.8YSIN pp #

tatdd DATA SET owddw

/*
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3,4,3 CONTROL CARDS TO UPDATE THREED ON pISxk

7«10 TIMEsC1,00),L INESe1S500,REGION®250K
/7 EXFC FORTH,REGION=250K
//FORY, SYSIN DU «

wwwne REVISED SUBRUUTINES Wk

/%
77 EXEC LKGDFURTnGDFILE:"USER PASTT, THREED®™

//LKED,SYSIN DD #
INeLUDE SYSLMOD(THREED)

ENTRY MAIN
NAME THREED(R)

/ w

/7 ExEC COMPRESS

7/75YSpDS DD DSNgUSER,PRSTT « THREED»DISP=DOLD
/&

3,4,4 CONYROL CARDS TO RUN THREED WITH SOURCE DECK

/*I IME=C1s0),LIN
E Ec FERTinsapPA
*

//FDRT.SVSIN bD

K .
NOMAP",REgION, gO=232K
wankw SDURCE DECK wohwne

/*
//7GD,SYSIN DD
wadnw DATA SET wonwd

/%
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4.1 Flow chart of THREED-MAIN

START

READ: JJ,NP,NCP
MAX!TR,JPRINT, [PRINT

(’READ:SIGﬂ

READ VARIANCES OF
APPROX | MATE TRANSF
RMAT!ON PARAMETERS

DSIG Matrix

FORMULATE the

INPUT DATA

CALL OUTPUX TO
PRINT OUT GENERAL

JJ =1
(SIMULATION)

CALL INPUT 1

CALL TRANSF [—-turea

CALL INPUT 3

WRITE
COMMENT

'
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4.2 Flow chart of INPUTI

START
/ -

READ :

GSCAL, IAREXP

READ ''REAL'' COORDS

gxo{1),avo(1),6z0(1)
| B!

PRINT LIST OF
"REAL'' COORD|NATES
READ: S 1GMOX

$ | GMOY
S 1GM0Z

L

R

" READ: SIGGRX
S IGGRY
SIGGRZ

COMPUTE RATIOQ
SIGGR/SIGMO

FORMULATE MATRICESI
'SIGJ AND DDSIG |

//READ: TRANSFORMAT I ON

PARAMETERS
GXC,GYC,GZC ,COME,CPHI ,GCAPA

{
~READ: SEED & DEVIATION
FOR REALIGNMENT OF ''‘REAL"

COORD I NATES

I

{ REALIGN ""REAL'' COORDINATES |
e 1

| GENERATE MODEL COORDS {

t

[/READ SEEDS FOR THE PERTURBATION |
| OF MODEL & GROUND
1
[PERTURB MODEL

®
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®
|

PERTURB GROUND

r
7 READ CORRECTIONS TO THE
TRANSFORMAT [ ON PARAMETERS

CHOOSE APPROXIMATIONS FOR
TRANSFORMAT |ON PARAMETERS

PRINT TRANSFORMATION PARAMETERS &
THEIR APPROXIMAT]ONS

PRINT LIST OF GROUND AND MODEL
COORDINATES

RETURN
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START

('READ NI1,N2,N3,Nk
I

4,3 Flow chart of INPUT2

ND GROUND COORDINATES
OF CONTROL POINTS

— 3

(/ READ MODEL COORDS
F

(’ READ NUMBER OF PT
A

OR ALL PTS ONE BY ONE

1]
J=J+l

@m0
Y{J)=B

Z(J)=C
K=K+1- -
NUM (K) =N
(=) § A
X {K)=A (1=99 :
Y (K)=B \ .
Z{K)=C '
READ GROUND COORD
VAR/COVAR MATRICES FOR
THE CONTROLS ONE BY ONE
o J=] A o
- ~ FORMULATE
ile—® "‘NJ;?;E:>*—<:}_—" MATRIX DDSIG
N 11199

B ol §
(:} READ MODEL COORD VAR/COMAR
' MATRICES ONE BY ONE

|
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¢

VY ' FORMULATE
: MATRIX S16J
FOR CONTROLS

FORMULATE MATRIX
Si6GJ
FOR UNKNOWN PT

1111=99

LOCATE CORNER
POINTS
N1,N2,N3,Nb

:

COMPUTE
APPROXIMATE SCALE

COMPUTE
* APPROX{MATE TRANSLATIONS

" COMPUTE
APPROXIMATE ROTATIONS

i
. /PRINT APPROXIMATE

_TRANSFORMATION PARAMETERS

PRINT MODEL AND

GROUND COORD | NATES
PRINT FULL GROUND PRINT LIST OF . /
VAR/COVAR MATRICES o / GROUND VARIANCES

|PRINT=1 (;)

PRINT FULL MODEL PRINT LIST OF
VAR/COVAR MATRICES : MODEL VARIANCES

RETURN *
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L. 4 Flow chart of INPUT3

START
READ SEEDS FOR
RANDOM NUMBER GEN
READ GIVENlMODEL
COORDINATES
I

READ NUMBER AND
DEVIATIONS FOR PTS

ONE BY ONE
]
. 1
I=1+1F——(N} N=NUM (1) FORMULATE
MATR1X

S$1GJ

3
w

PRINT MODEL
COORDS & DEVIATIONS
OF MODEL PTS

i

READ MEAN & DEVIATION
FOR ARBITRARY RANDOM
ROTATION

)
| GENERATE ROTATIONS]

1
GENERATE TGROUND"
COORDS BY ROTATION

i

/READ MEAN & DEVIATION
FOR RANDOM APPROX!MATIONS
TO TRANSLATIONS

GENERATE APPROXIMATE
TRANSLATIONS

i

/READ MEAN & DEVIATION FOR
RANDOM APPROXIMATIONS TO
ROTAT1ONS

b

&
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®

GENERATE APPROXIMATE
ROTATIONS '

/" READ MEAN & DEVIATION
FOR RANDOM APPROX IMATION
TO SCALE

GENERATE APPROX!MATE'
SCALE

PRINT APPROXIMATIONS TO
TRANSFORMAT ION PARAMETERS

PRINT LIST OF
'""GROUND'' "COORD INATES

f

" READ ARBITRARY
DEVIATIONS FOR GROUND

FORMULATE MATRICES
DDS1G

r

PRINT VAR/COVAR MATRICES
FOR MODEL COORDS

FRINT VAR/COVAR MATRIX
FOR ''"GROUND'' COORDS

-
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\\\\QI;EI////

4.5 Flow chart of TRANSF

ASSIGN VALUES TO THE
'""OBSERVED" T RANSFORHATION
PARAMETERS

|SIGOLD=SIGOI

COMPUTE: WEIGHTﬁ
CALL WEIGHT

INITIALIZE DD & DG

| FORM DCI

COMPUTE ROTATION MATRIX
AND 1TS DERIVATIVES FOR
OME ,PHI ,CAPA

CALL ROTATE

,
i A

COMPUTE DB,DDB,C,DDRC
CALL PART

Y
LOCATE WJ & DDW
3

COMPUTE DN,DDN,BN,DK,DDK
CALL DETCAL

FORM BNT
| LOCATE NB

FORM DD, & DG,

J J
r[)[.‘|=DD+DD_j
DG=DG+DG_i

Jj=j+]

-
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?

DD=DD+DW
DG=DG+DW*DC
3
COMPUTE DD~ '
CALL INVERS

)
A= DD
I
A. = DD.'*DDK,-BN.A
] J i)

1

*DG

j=1,NCP

COMPUTE SIGNEW
CALL SIGMA

CALL OUTPUT CALL OUTPUT,

1 COMPUTE SIGDEL

a

e

E SIGMJ

| TERCMAXI TR COMPU

Jer
i

j=1, NCP

ITER=1TER+1 't COMPUTE DEVIATIONS
) 0F TRANSFORMATION
PARAMETERS

)

(o ﬁ ﬂ(:I;IGOLD-SIGNEw|<SIGO*IO-§i:>>_-*4ii)

CALL OUTPUF

® {ap=nep >—)

CALL PTCOMP

RETURN
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STARL~"

INITIAL1ZE DW
WJ, DDW

1

4.6  Flow chart of WEIGHT

-y

COMPUTE WE!GHTS FOR |
TRANSFORMAT | ON ‘
PARAMETERS i
1
H

kk)

W= ci*(I/&

PRINT DW

N < JPRINT#?//,

DDSINV=DDSIG

|DDW=$160* (1/DDS1G)]

i
| CALL INVERS |
¥

- [oow=sT60%DDs 1NV} -
JUE2 >

-
PRINT ONE PRINT ALL
DDW DDW
(%) IPRINT#0

[SiGdv=sT6J WJ=S160*(1/516J) |

) ]
[ CALL INVERS |

'

[WI=STa0*S16JIV} r

/
(}) JE >—)
PRINT ONE PRINT ALL
W W

l

/,/’EE:;;R\\\\
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5.7 Flow chart for DETCAL

START
INITIALIZE
K., kj, ﬂJ, N
N, = B! W.B,
ST T b
N, = BT WB
i

Call INVERS ﬁ;'

!
K, = B! w.c.
SRS A
K. = BY W.C.+W.C.
i T A R
i
N. =B W.B.
O T BT b
g

STORE ﬁ} AS PART

OF MATRIX N(30,7,3)

RETURN
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L. 8 Flow chart for SIGMA

Viwy =0
D.F = 3*NCP-7

J=1

CALL PART
COMPUTE B,B,C,C

[
]
L]
+
=g

(=
]
L]
1
o
-
1
[==]
==

J=J+1 i

T

Wy

viw = viwy + v
' ¥
T

Craw = V WV/DF

END
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v, PROGRAM LISTING

Codndnennwnnrr 1T H R E E D & M A I N wettaatmrrbrtnaddborrntbddodhohen

THis pPROGRANM PERENRMS A THRFE DIMENSTONAL TRANSFORMATILN gy A (EASY
SEUARE FIT nF THE YD MURFLS,

THE COOPDINATES OF THE PCINTS OF THE Twh MODELS AKE ASIGNpD WEJGHTS
vHICH MTGRT DYFFFR FDR BACH INDTyIDUAL PUINT AND/UR EA(H UF THF chn
ROINATES OF TwE PRINTS, ¢PRRELATINN AupMg THE cODRDINAYES pfF THE Ppp

INTS OF FITHER MONEL 1S AL SN ACCEPTAPLF,
THE PROGRAM ALLOWS EACH MPDFL pPLASTIr fFREEDNM AS PRESChIRED RY THF
TNpUT yARIANCES: THUS NUT s0RCING ETTHER TO THE OTHFR,

A2 E A XA AR R A RS AR YA SRR R R R TR TREREENETY
THE PROGFAM ACCFPTS P MAXIMUM NUMpER Of

ONE HUMDREUDL

4 LARGEK MUMBER QF PRINTS IT HAS 10 BE

*
*
*
*
POINTS (TRTAL cONTRDI S AND UNKNOWM)  FOR *
*
RFDIMENSTUNED *

W

L s

* % & & % F #+ 3 % B

LA X AR R RS2SRRSR RS S X T ey Yy

THE MAIN PROGRAM GOVERNS THE INpUT Df THE PACKAGE AND RILL ACCFPT
ANy NUMPER nNp INPUT SUBKPUTINES TN mF TMCORPORATED TD 1T, THERFFORF
SURROUTINE TRANSF IS THE pASIC npFRATIOMAL PART 0OF THF PACKAGF,

THE FOLLOWING SUBROUTINES ARE INCLUDFD TN THE PACKAGE AT pPaFSENT

1, INPUTY = FICTITICUS DATA GENFRATOR FOR SIMULATION

2, INpuT2 = READS DATA pROM AEROTYRYANGULATION OUTRLTS

3, INPUTI = RFADS MORFL CODRPINATES AND yAR=CUYAR INFURMATION
FROM AERCTYRIANGULATINN nUTPUTS AND SIMULATES cnANTREO
LS FOR RFLATIVE ACCURPACY TEST,

4, TRANSF LEAST SGUARE SOLUTIDM OF THE TRANSFORMATIDN

5, ROTATE = cOMPUTES POTATINN MAYRYTy AND ITS DERIVATIVFS WITH
RESPECT T THE RDYAYION ANGLES

6, GAUSS = COMPUTES FORMALLY DISTRIBUTFD RANDOM NUMBe¥®S WITH
GTVEN MEAN AND DEVIATION

Ts FANDU = COMPUTES UNTEORMELY NISTRIBUTED RANDOM NUMRERS

B, WEIGHT = CNMPUTES THF WETGHTS OF THE GIVEN PAINTS FROM THE
INpUT gﬁp'cnvnn MATRYCF& AND ESTIMATED SIGMA 7FRO.

¢, DETCAL = COMPUTES THF CONTIBUTIQN OF EACH POINT TO THE
NDRMA| EpUATIDNS

10, PART = CNMPUTES THE CONTRIBUTION OF EACH POINT TU THF
ORSERVATINN EQUATIONS

11, MXMULT = MULTIPLIES TwD MATRIFES

12, TNVERS = COMPUTES THF INVERSF OF A SQUARE MATRIXx AY DESTRCY=
ING THE DREGINAL,

13, SIGMA = COMPUTES THE SIGMA zFRD UF THE SOLUTIOM

14, RYDODMS = TRANSFORME RADIANS TP DEGREES“MIN*SEC,

15, DUTPIY = AN DUTPUY SUBRONTINE FOR EACH ITERATIOM
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16, OUTPUF = FINAL QUTFUT DOF THE SOLUTION

B YRR R EE A R R E R RN R T R N REE NN NN RN AN NEER EREENNNE N SR NENENENNENENNENESNNEN SN

DIMENSTON NUMC10UY»X0(1009,YD¢100)520¢1003»X00¢100),YODC100)
12700C1003,XC100)5YC100),70100)sW (100532335 DDWC10053,3)50ONINy(100
1,3,39,8164¢100,3,3),0D8%1G(100,3,3),rDELLTACY00,3),D0Kk(100,23),RN{100
15723 STI6MIC10053533,D%C100),DYC100Y»07(10032XMCL00), YMCINOI»PMCID
10),DEVIACL100s3,3)

DIMENSTON DBRT(Ts33200B1¢323)»DRTWUCT23ysDDRTHIC323350(7»3)»DDK1(3)
1oDDK2C3YsRETaTIPORCTISBr HT23)0BNTCR 2T YsDONTYTCT 2T Yo HICA» I H2( 3T
13,H3(723)5A8(3,3) sCBt3,73,DDB¢3,3),C¢3),0DC{3,UNLT7aT)saAWJIC3
1+3),ADDWC353)sDDN(3,3)2PPNTINJC(3»3)sNGCT7I2DN(T>TI2DCITIsD,8CTISDD L
177 )sDMT a7 ysDKCT)sDDINVET o T Y4 DELTALT Y DNDCCTI»F (3,392 STIGDELLT727)>
IDSTGET»7)s CORCTIPPARCT I CTIGPARITYsDFVPAR(T»TI2AS(3¢3)»51GGR(3IY»STG
IMOC3YsV(3)» TDEGCIIPMINTIISSEC(D)

DIMENSTON AT(3,33»MOCOURCIN0,3y,6RCPORC1I00,33,ATX(100,3)2TRANSL(Y)

FASIC INPUT READING AND PRIMTING

READ(S5,1003 JJsNPsNCPoMAYITR, JPRINT,IpRINT
100 FORMATC 6110 )

RFAD(S»110) SIGO
110 FORMAT(F20,10)

READ(S#150) ¢ SIGPARIK)» K=1»7 )
150 FORMATCTELIQ,3)

DD 160 K=1,7

no 160 L=1,7

IF ¢ K = L ) 181,1625101
161 DSIG(KsLY = 0,0

G0 TO 160

162 IF (K,FQ.1) DSIG(K»L) SIGPARCY)
TIr (keFGe2) DSIGCK2L) SIGPARC2)
IF (K,FQs3% DSIG(KsL) SIGPARC 3)
IF (KyF@e2y DSIGCKsL) SIGPARtY

SIGPARCB)
SIGPARC(6
EIGPARCY)

IF (K,F0s5) DSIG(KsL)

IF (KeFQe6) DSIG(K,L)

If (KeFQa7) DSIGCKsL)
160 CONTINUE

CALL OUTPUX (JUsNPsNCPsMPXTTR, JPRINT,IPRINT,S1G0»DS1G)

IFCJJ«EQs1Y GO TO 200
IFCJJ.FQe2) GO TD 300
1IFCJJ«FQs3) GO TD 6400
WRITE(6,500)

500 FORMAT(®™IM,///////910x»® ERROR = wRONG PARAMETER GOVERNING INpUT,¢
1JJI"2/210%,* CHECK THE FIRST PARAMETER ON COLUMN 10 DF THF FIRST D
1ATA CAFD™)

GO TD 1000

200 CALL INPUTH (NCPsXU,YDsZ0sXsY»ZsSCAL» OMEsPHISCAFASXCoYCrZC 2 NUM

1,8169,0D816 )

Gp TR 999
300 CALL INPUT2 ( NPshCFPoXDsYDrZ20sX» Y2 Z»S81G0,SCALs XL YCsZCoNMESP

{HI,CAPALJUPRINT,L,IPRINT,STICS»DDSTIG »NUMY
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G0 10O 999
400 CaAlL INFUTA(NCPaNUMaXOp YD, 20Y»YsZsSCALSOME,PHT»CAPR,XC,YC,?
1C,0DS8IG,816.)
Gp Tn 999
999 CALL TRANSF ( NCFP,MPsNUM,X0DpYM,
16»DSTG,DDSIGsSIGOS J s MAXITR, JPRINT, !
1000 CONTYNLUE
STOP
Enn
SURROUTINE INPUTI(NPsxUsYUszZ0sywsYsZsSCALIOME»PHISCAPAS»YCrYCsZCoNUM
1s816J2NDS1G 3

clI..OI.I.'.l.."I.‘.....l.'.."....‘.'...'Il'..'..."'.l.‘..."l'....'

INsXsYs Io SCAL»OME»PHTI,CAPA, LY
PRINT ,XCovL, 7€)

C
C PURPOSE
¢ GFNERATES wmOpEL AND GROLMD CODRDINATES UfF GIyEN STANpARD pEyIATIQN
c FOR A SET Nf IDEAL POINIS, THE TRANSFORMATION PAKAMETERS ARF ALSN
c RANDOMI v GFNERATED AND THETR AppROyI MATIONS ARE KANDOMLY CHNSEN
;
¢
C DFSCRIPTION OF PARAMETERS
€ 1. INPUTS NP = NUMRER PF POINTS USED
¢ GXD =
c GYO = LIST O "TRUE® COOPDINATES OF PUINTS
¢ 670 =
c SIGGRX =
c SIGGRY = yARIANCE Nf GROUND CONROIMATES OF pOINTS
r SIGGRZ -
¢ SI6MDX =
¢ SIGMDY « GARIANCE Of MOpFL cOORDINATES OF POINTS
¢ SIGMDZ -
c 2, OUTPYUIS X0 =
c Y0 = PERTURPED GROUND CPORDPINATES
CONTINUE
710 =
¥ - ,
Y = PERTUREFD MODFL COPRDTINATES
7 -
SCAL = APPROXIMATE ScALE NF THE MODEL
X¢ =
YC = APPROXIVATE TRANSLATIONS OfF THE MODEL
7t =
OME = APPROXIMATE ROTATION ABOUT X AxIS
PHI = APPRDXTMATE ROTATICAN ABOUT vy AxlS
CAPA = APPROXIVATE ROTATINN ABOUT Z AXIS
REVARKS

THE SURROUTINE WORKS ONLY FOR UNIFDRM GROUND AND MODEL ACCURACY,
IT ALLDWS FOR DIFFERENT ACCURACIFS TN FACH OF THE THREE BASIC Nle
MFNSTONS FOR BOTH MODEL AND GROUND,

SURROUTINES REQUIRED
GAUSS ¢ NDRMALLY DISTRIPUTFD NUMRER GENERATOR )
RANDU ¢ UNIFDRMLY DISTRIPUTED NUMBER GFNERATOR )
ROTATE ¢ CNMPUTES YHE RDPTYATION MATRYX FOR 3=D TRANSFORMATION )

[ NelRa e e Ne e Ne lelalelNe e Ne e lie el e Ne le e

au-ocoaaite-oi|oca!o--uniooooootoon.|-|t|o;.locorottoilo'o't|!000000010

DIMENSIQON GXOC100)»GY0C100)s6Z0¢1003»xNCi00),Y0(100),20¢100)»x(100
1)»7(100)!2(100);XM(1003;YNf100)»1M(1003:A(3:3):AS(3»3):NUP{1003:DS
!IG(T;?);SIGJ(100;3:3);00516(100;3;3)9PAR(T)pCUR(?)DD!(iOO)pDY(100}
1»02¢100)

READ(5,20) GSCAL,IAREXP
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20 FORMAT(F10,5,110) . ¢
WRITECA,I0)
30 FORMAT(nIn,m wpvonewndavtedhhhhdnhnns PRINT UUT UF THE INPUT  dedy
E12AL ST AT ST TR0 :
DD 35 J=1,NP

35 RFAD(S»45) GXDCJI»GYD(JI»GZD( VY

45 FORMATC( 3F15.5 )
WRITF{6,50)

50 FORMATC////7793%s» LIST 05 TRUE COORPINATES OF POINTS USED IN THE §
10LUTION®s /16X, POINT®,23%," COORDINATES™,/,15X," NUKBER",13x," X
1M1 Y, 12X, 2™

00 &0 J=1aNP
60 WRITE(6sT0Y JaGXOCJY»BYDCJI»GZNCIY
TO FORMATCL1OX»T13212YsF9,3r2(5%5F9,3))
WRITEC&,T7S)

TS FORMAT(nI®, ////,m hudakhohhhdhdobnnnss VARTANCE~CNVARIANCE MATRIC

1E¢ I Y X R S22 IR S ALNWNE
WRITE(6,80)

B0 FORMAT¢ 3xs» THE VARIANCE=COVARIANCF MATRICES fFDOR MDDEL CODRODIN
1ATES®222/)

RFAD¢5,85) SIGMOX,SIGMUY,SIGMO7

RFAD¢5285) SIGGRX»SIGGRYSIGGR?
8% FORMATC 3E10,3 )

56X = SQRT(SIGGRX)

56Y = SQRT(STGGRY)
S67 = SQRT(SIGGR7)
SMX = SgRTcSIGMDYX)
SMY = SQRT(SIGMOY)
SMZ = SQRT¢SIGMOY)

RATIOX » SGX * ( GSCAL/SKX )
RATINY = SgY *» ( GSCAL/SMY )
RATIOZ = SGZ + ( GSCAL/SVMI )
D 90 J=1,sNP
PD 90 K=1,3
no 90 L=1,3
IFC K=l ) 91,92,91
91 SIGJC(JsK?L) & 0,0
gh TO %0
97 JF(KGEQ, 1) SIGUCJrHpL) & STIGMOY
IFCKLER,2) STIGJ(JrKsL) = SIGMDY
IF(K,EQ,3) SIGJI(JsKsL) = SIGMD?
90 CONTINUE
DD 95 JU=lsNP
95 NUM{J) = J
J = 1 _
DO 100 K=1,3
100 WRITF(E,1303(SIGJCJrKsLYIsL2l,3)
130 FODRMAT(8X»3(E10,3,5X%))
WRITE(S&,190)
190 FORMATC///23Xs" THE VARIANCE=CDVARIANCF MATRICES FOR GROUND COORDTY
tNATES®™s//7/) :
ph 200 y=1,NP
DN 200 KE=1,3
DD 200 L=1,3
TE( k=L ) 201,202,201
201 DNSIG(JsKsL) = 0,0
Gnh 10 200
207 IFCKERLIIDDSIG(UsKsL) = STGGRY
TFCKEQ,2IDDSIGCJsKsL) = STGGRY
IF(K,EG,3)DDSIG(J»K,L) = STGGRY?
200 CONYINUE
J = 1
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DO 205 K = 1,3 |
WRITE(E,130) (DDSIGCJU,K,1 ),L=1,3)
WRITF(&£,210% RATIOY
WRITF(6s211) RATTIOY
WRITF(#,212) RATIDZ
FORMAT (¢ s» THE RATID SIGMA GROUND TP STGMA MOUEL, FOR THt X CODRD]
INATESs AT THE GROUND SCAIE IS8myF16,7)
FORMAT(/»" THE RATIn sIGMA GROUND Tn sTGMA MODELs FOR THE Y CAORD]
INATES, AY THF GROUND SCALE IS",F15.7)
FORMATC/om THE RAYID SIcrA GROUND TP STGMA MODEL» pOR THE 7 CNORDI
INATESs AT THE GROUND SCAILE JS%,F15,7)

GFNFRATE YRANSFORMATIUN PARAMFTERS

230

RF

3i5

310

3?70

GF

340

PE

345

RFAD(S»2303GXC»GYCPGZCsGNMF,GPHILGCAPA
FPRMAT(1O0Xs6F10.5)

ALIGN GROUND PDINTS

RFADtS»315) IX1,81,1%x2s57
FORMAT(2C(I10,F15,5))

AM = 0,0

IX = IXt

S = §1

DR 310 I= 1,NP

CALL GAUSS (IX,S,AMCORCPX)Y

GXO(T) =C(GXDC1) + CORGRY)I*10 ,x#]1AREYP
CALL GAUSS (IX,S5,8M,CORGFY)

GYDCT Y =(GYDCI)Y ¢ CORGHYY*=' D, wx]JARFEYP
I¥ = [X2

S = 82

DO 320 I= 1,NP

CALL GAUSS (IXsSeAMsCQRGPZ)

GZOCY)Y =(G70CI) + CORGHZI*R(,

NERATE MOUEL COORDINATES

CALL ROTATE ¢ GOMEsGPHI1,GCAPA,A,AS
DO 340 I=1,NP

DXCI) = GXNCIY=GXC

DYCIY = GYD(I)=GYC

D7(1) = GID(I)=G2ZC

XMETY = CACTL,,1)#DXCT)+ACY,2)4DY(Y)+ACY,3)#DZC1))nGSCAL
YMETY = (AC2o1)wDX (T +A(252)4DY(T)+AC2,3)D7(13)%GSCAL
IMCTY = CAC3p1)#DXCTI4AC3»2)DY(T342C03,3)%DZCT))I*GSCal

FTURAR THE MODEL CODRDINATES

READ(5,345) IX3,1XQ,1X9TX621X7,1XA
FORMAT(6110)

SMX = SQRT(SIGMOX)

SMY = SQRT(SIGMOY)

SMZ = SQRT(SIGMOZ)

PO 350 I=1,NP
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OO YO

35
CALL GAUSS (IX3IySMYPAMLVMY)
Xt1) = XM{T) + VMX
CALL GAUSS (IXa,SMYsAM VMY )
YCTY = YM(IY + yMy
CaLl GAUSS CIXS,5MZ, AV, VHZ)
350 7¢Iy = ZM(I)Y & VM7

PFRTURE GPOUND CDDRDINATES

DO 360 I=1,NP

ScY = SQRTC¢SIGGRX)

SGY = SQFT(SIGGRY)

867 = SAKRT(SIGGRZ)

CALL GAUSS CIXBASGXPANLVGY)

X0¢1Yy = GXD(T) + yGX

CALL GAUSS CIXT»SGYs AN VGRY)

YeIy = GYO(I) + vGy .

CALL GAUB®S CIXRISGZAAMIVGT)
360 Zn¢ly = GZO0(l) + V67

CHNDSE AppRUxIMATIDNS FOR THE TRANSFURMATTON pPARAMETERS

READ(¢5s3703DSCAL,DXCsDYCsD7C»DOME,DPHT,DCAPA
370 FORMATCTFID,6)

SCAL = GSCAL + DSCAL

DmF = GOVME + DOME

PHT = aPHI + DPHI

CAPA = GCAPA 4+ DCAPA

XC z G¥C + DxC

Yc = GYC + DY

7C = G7C + D2ZC

WRITE (6,400
GO0 FORMAT(wIm, " sesnnwsnnwnanbsnnsnwse OUTPUT OF SURBROUTINE INPUTI .

{hkkRR Rk bRk b e®, ///,10%," Y R A NS FORMATTITON P AR

1ﬁ M E T E R S"’/!lOXI" I T T T L T T L T T I T T I I Yy Y L I L T I Y TS

{memeomun, /7,5, PARAMFTER®, 12X, " GENERATED®",5X»"™ COKRECTINNG®,2x

1,» APPROXIMATIONS™, s}

WRITE(6,810) GSCAL.DSCAL2SCAL
410 FORMATIS5X»® SCALE™s17XsF10.552¢(5X2F10,%))

WNRITE(&,820) GXC»DXCa XC
420 FORMAT(S5X»™ TRANSLATIDN TN X"s8X» F11,5,2¢C8X,F11,4))

WRITEC&,430) GYC,DYC,YC
830 FORMATCSX,™ TRANSLATION TN Y",SXaF11,5,2Ca%sF11,4))

WRITECA,840) GZC,DZC,»2C
440 FORMAT(S5Xs v TRANSLATION IN Z2meSXsF11,5,2(4%sF11,8)

WRITF(6,4%0) GOME,DOME»DME
850 FDRMAT(SX»" ANGLE OME®™»313X»3(F10.4525X%))

WRITE(E,460) GPHLI,DPHIs»PHI
860 FORMAT(SXs™ ANGLF PHI™»13xs3C(F10,5+5%))

WRITE(6,470) GCAPAsDCAPA,CAPA
470 FORMATESX,™ ANGLE CAPA™,12Ys3(F1045,5X))

WRITECE,475)
475 FORMAT¢/#5%sm ANGLES IN DEGREES™)

cALL RTDDMS(GOME»IDGOMEsMIGOME,SEGOME)

CALL RTDOUMS¢DOME,IDEGDU,¥IODOME ,SEDOME)

CALL RTDDMS(OME,TDEGO,MINDSSECD)

CaLL RYODMS(GPH,»IDGPH],MIGPH],»SEGPH])

CALL RYDDMS(DPHILIDEGDFPsMIUPHI ,SFDPHI)Y



OO0 DO OO0 DO YD 5

o

CALL RTQODMS¢(PHI,IDEGP,MINP,SECP)
CALL RYODMS{GCAPA»IDGCFAMIGCPALSEGrPAY
CALL RTNDMS¢DCAPA,IDFGUCsMTDCPA,SEDFPAY
CALL RYODMSC(CAPASIDEGCsMINC,SECC)
WRITECE,476) IDGOMESMIGOMESEGAME» INEGNRUSMIDOMESEDOME» IDEGD s MIND,
1SFCO0
476 FORMAT(SXa" ANGLE OMFGA™»SX» 3(2Xs135135F6,251%))
WRITF (£,4T7) IDGPHI,MIHPPInSFGPHlxIhEGDP,MIDPHI;SEDPHl»IUFGP:M!NP,
1SECP
ATT FORMATISX,® ANGLF FHI™s TY,3{?X»13513:F6.2,1X))
WRITE(6,878) IDGCPAsMIGCFASSEGCPAL IPEGNCAMIDCPASSEOCPA» TUFGCsMING,

15¢FCC
478 FORMAT(SXs» ANGLF CAPA™, OX»3(?X»I3s13,F6,251X))
WRITE(6,480)
480 FORMATC//7//7,20%," M O 0D F L CODRD I NATE S"/sR0K," wmmme

jmemsmeacEonnemncmarannmannnan, //,6X," POINTHs 18X, " GENERATED™,23X,
1* PERTURBEDP, /,5X,% NUMBFRW,7X,m X%, 0X," Y™, 90X, ZHM,QR,™ X", 9X," Y
17,9X," 2%,/
DD 490 Js1,.NP
490 WRITEC(ASS00) JaXM(JIsYM(UILZML I XIS YJIZCYY
500 FORMATCTX»T13s5Xs&LF9,222XM)
WRITF(4,510)

10 FORMAT(miw,1Bxomw G RO UND CcOMPRDODINA A
—-.-----’--n-h---.---------n-p-ﬂ'//’6X'H PnINTH
13%s" PERTURRED™, /,5Xs" NMUIMBER®,7X," X®,0X," Yw,
I1n Yw,Q¥X," 7In,/)

520 WRITEC(E,500) JsGxDCU3sGYNCY)» G700 UI»X0C )2 YDLII»Z0C Y
RETURN
EnD
SURRNUTINE INPUT2 ( NP,NCP,XD,Y0,20,XsYsZ»STGO,SCAL, XLsYCs ZCoOME, P
THTIsCAPA, UPRINT,IPRINT»STGJUsDOSTIG »NI'MY

E Swa/rifiysrn wwmaa

4%, GFNFRATFD™,?

T
o1
QXa™ TIh,0K» " Xw,qX,

..ll.l..l!l!l..l!0‘.!...!.l.l'.ll.!"..loioo.'l'."..lll.....lll!l.....
PURPOSFE

1, REARS MODEL CDORDINATFS OF ALL PRINTS (WKNOWN AND UMNKNUWN 3 AT

ANY SEQUENCE,
2, RFADS THE GROUND ¢DUFNINATES Of THE CONTROLS AT ANy SEQUENCE,

3, RFADS yARIANCE=COyARYANCE MATRICFS ¢ FULL 3 x 3 MATRICES Y fFOR
BpTH GRQUND AND MpUEL CppROINATES pf THE CanTRoLS AND pF tHE mqQDFL
CONRDINATES OF THE UNKNOWN PDINTS,

4, SEPARATFS CONTRDLS FKRDM UNkNOWN pOINTS AND pUTS THE MUVEL cOORD
INATES IM THE ORPER Of THF CONTROL POTNTS,

5, PUTS IN DRDER THE yARTANCFerOVARYANCE MATRICES

6, COMPUTES APPROXIMATIOM NF THE TRANSFORMATION FARAMETFRS,

DESCRIPTION OF PARAMETERS
1, INPUT

NP = NUMBRER OF MODEL POINTS
NCP = NUMRER OF CONTKP!I POINTS
M TO N4 NUMBFRS OF THE CPRNER pDINTS Of THF MODEL TO gE USED FOR
THE COMPUTATION NfF THE TRANSFDRMATTDON pARAMETERS,
NUM = ID NUMRER OF THF PROINTS
¥NpoyD2720 = GROUND CDORDINATFES OF THF CANTRULS
A,R,C = MODEL COORDINATFS® Nf TWE MOPEL POINTS IN ARBITRARY ORDER
SIGO = ESTIMATED VARIANCE QF UNIT wEIGHT
CONTTINIE
551=559 = ELFMENTS OF THE VAR=COVAR MATRTCES OF THE MODEL FOINTS Ry
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ROW IN ARBITRARY URDER
S1=89 =~ ELEMENTS OF THE VAR/COVAR MATRTCES OF THE GROULND CODRpDINA=
TES OF THE ¢ONTROLS BY RUW TN ARBITRARY DRpER
PSIG = VAR/COVAR MATRIX FNR THE APPROXIMATE TRANSFORMATION PARAM,

2, DUTPUT

sY0,20 = GROUND COORDINATFS FOR THE FONTHROLS
Xsy¥sZ = MODEL CODRDS fOR ALL MDODEL POINTS IN CORKECY URDER
SIGJ = VAR/COVAR MAYRICFS OF THE MNDEL COORDS IN CORKECT ORDFRe
C NP»3,3 )
VAR/COVAR MATRICFS FOR THE fROUND COURDS OfF ThHE CUNTROL
POINTS IN CQRRECY DRDER ( NCP,3»3 )
SCAL = AppROYIMATE SCAL¥ Df THE wOPEL
s¥C,2C = APPROXIMATF TRAMNSLATIONS OF THFE MODEL
CONTINUE
OmF = ApPPROXIMATE ROTATIDON aF THE MOPEL ARROUND THE X AxIS
PHT = AppROXIMATF ROTATION Of THE MONEL ARROUND THF y Axls
CAPA « APPROXIMATE ROTATION OfF THE MONPEL ARROUND THE 7 ArIS

DDS16G

REMARKS
+ THE SCALE 1S CcOMPUTED AS THE wmEAN DF THE SCALES OF THE TwO
DIAGONALS DOF THE mDDFL
« THE TRANSLATIONS AFF COMPUTED 8S THE DIFFFRENCES IN ¥sY, AND
7 0F THE CENTER UF GRAVITY OF ALy CONTRDOL FOINTS
» THE ¢OUR CORNER pUINTS NI1,N2,N3,N8 ARF USED §fOR THE CcOMPUTA=
TION DF YHE ROTATICMS,

.l.!.U'l..'.I..l."l...0..I.l.....ll.l.....‘l.l.l.l.......‘.ll.l.i.

DIMENSTION ¥0¢1009,Y0(1003570¢1003sxX¢100)5Y¢1003,2¢100)sNUM(100)s D
1DSIGE1002353)28164010023,3)

READ THE GROUND cODURDINATES OfF THE ¢ONYROL pOINTS

READCS»10) NI»N2sN3sNd

FARMATCAI10)

DD 110 I=t1.nCP

READES»100y NUMCTII»XOCL s YO(CTIY»Z0(IY
FORMATCIS,3F15,3)

READ THE wMODEL COORDEIMATES Of THE pOINTS

K = NCP

RFADCS28503 NsA»B»(»11
FORMATCIO»F1643,F18,3,F1543,2B8x»12)
J = 1

IFen EQ NUKCJY)Y GO TO 2CC
IFCJ,GT ,NCPY GD TO 300
Je J s+ 1

G0 T0 310

X(J) = A

Y(Jy = B

Z2¢tJy = C

IFCITNE+99) GO TO 800

60 YO 500

K = ¥ 4 1

NUM(K)eN

X(K) = A

Y(K) = B

ZtKY = ¢

GO T4 350
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CONTINUE

READ AND PUT IN ORDER THF VAR/COVAR MATRICFS OF THE CONTHMLS

FRRMATCISHYER,2,TH)

REACCS,600) NoS1»82,83288085,586:57»88,89,171
J o=

TFeN EQ NUMCJYY GO TD 410

J=dJd + 1

Gn 1O 620

DPSIG(Jslstl) 51

NNSI1G(ys1s2) 57
DDSTGCJLYs3) 313
DRSIGCJs2r1) sS4

=

=

&=

=2
DPSIG(U»222) = 85
DPSIGCJs223) = S6
DPSIGCJ,3,1y = &7
DOSTIG()»302) = S8
DDST1G(Js3»3) = §9
IF (TIT,NE,99) GN TO SOC

READ ANMp PUT IN ORDER IkF vAR/eDVAR MATRICFS OF THF MUDEL PUOINTS

K = NCP

READ(S, 600 N»5S1»,552s858325548,555,586,857,888258589,1111
J =1

TFCNEQ NUMCJY) GO TD 730
Jed+ 1

GD TO 730

SIGJCJs1213 = S81
SI1GJCJr122Y = §82
SIGJCJs123) = 553
SIGJCJs221) = SS4
SIGJCJr2s2) = 585
SIGJCJ»223) = 886
SIGJCJ»321Y = S§7
SIGJCJr322) = S$S8

SYIGJ(Jr3e3) = S59
IFCITIT NE,99) GO T(Q 700
GO Th 740

CONTINUE

COMPUTATION OF ApPPROXIMATINNS FOR THE TRANSFORMATINN fARAvETERS

DO 900 J = 1sNCP
IFCNUMEJY sFQNT)
IFCNUMC ) JEQ N3
TFCNUMTIJY,Fa N2)
IFCNUMCJ)+EQ,.NG)

=X rx
| S R JEg 4

COMPUTATION OF APPROXIMAYE SCALE

DMI = ABS(SORT{(XCKI®XIL II**24(YCKI=YCL))®#2+(Z(KImZ(LIIN*2))

DM2 = ABSCSQRTC(XCMISXCMII*w24CY(MImYENDI Y2242 (MI=Z LAY *£2))
DGYI=ABS (SORT((XOCKI X0 )2 a24tYD(KI=YN(L) ) aa2+(Z0¢K)aZN(Ll 1) ea2))
D622ABS{SORT((XOIM)=XOINI 22 cYO(MImYR(N) Yea24(Z0(MIBZO(NIIex2))
SCAL = ¢{DM1/0G1y + ¢DM2/DG2))/2

COMPUTATION OF APPROXIMATE TRANSLATTONS
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SUMXM =

SUMYM = 0,

SUMIM = 0,

SuUMXG = O,

SuUMYG = 0,

SuMmz6 = 0,

Op 910 I = 1,NCP
SUMXM = SUMXM & X(1)
SUMYM = SUMYM + Y(I)
SUMZM = SUMZM + Z{1)
SUMXG = SUMXG + XDCI)
SUMYG = SUMYG + YOCLI)
SUMZG = SUMZG + Z0¢1y

Xca CSUMXG = SUMXMYZNCP
YCe(SUMYG = SUMYM)/NCP
ZCe{SUMZGe SUMZM)Y/NCP

COMPUTATIDN OF ROTATION CAPA

DXKL = X(K)Y = X{L)
DYKL = y(k) = Y(L)

DXOKL = XO0(K) = XOCL)
DYOKL = YO(K) = YD(L)
DYOMN = YO(M) = YDCN)
DXOMN = XD(M) = XO(N)

DXMN = X(M} = X(N)
DYMN = Y(M) = Y(N)

THETML = ATAN2(DYKL,DXK{)

THETGY = ATAN2(DYDKL,DXDKL)

THFTME = ATANZ(DYMN,DXMN)

THETGZ c ATAN2(DYDMN,DXDMN)

CAPA = ( THETGI+THETGE2=THETHI=THFTH? ) /?

COMPUTATIDN OF ROTATIQN PHI

DzMK = 7{M)=7(K)

DZLN = ZCLY=2(N)

XYMK = SORT((X(My=X(Ky)ww2 o (Y(MIysY(Ky)**2)

XyLN B SORTCCXCLY=X(N)Yw#2 + (Y(L)=¥(N))Iwn2)
bzOMK = Z0(MYI=Z0CK)

DZOLN = ZDCL¥=ZDCN)

XYOMK = SORT((XO(MY=X0CKYY+«2 & (YDCMy=YO(K))ww2)
XYOLN = SQRTCCXOCLI=XOONII#*2 & (YOCLI=YOUN))I#*=2)
PHIM2 = ATANZ2(DZLNsXYLN)

PHIME = AYANZ(DZMK»XYMK)

PHIGT1 = ATAN2(DZOMK,XYOMK)

PHIG2 = ATANZ2(DZOLN,XYOLN)

PHT = ¢ PHIGL + PHIG2 = PHIM1 = PpPHIMZ2 ) / 2

CoMPUTATION DF ROTATION FHEGA

DZKN = Z{KY = Z(N)
DZML = Z(M) = Z(L)
XYKN = SORT(C(X(K)I=X(N)I##*2 + (Y(K)"Y(N))*+2)
XYML = SERTCIXC(MI=X(LIIw*2 & (Y(MI=Y(L))*¥2)
DZOKN=Z0(K)=ZO(N?)

DZOML=Z0CMY» ZDO(CL)
XYOKN = SQRT(I(XD(KY=XD(N)I)wa2 & (YOCKy=YQ(N))&x2)

XYOML = SORTCCXDC(MI-XOCLI)#*n2 4 (YOI MI=YO(L))®#2)
OMEMY = ATANZ(DZKN,XYKN)

OMEM? = ATANZ2(DZMLsXYML)

OMEGY = AYAN2(DZOKN,XYOKN)
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OMEG? = ATAN2(DZOML,XYONML) :
OME = ¢ OMEGY + OMEG? =CMEM]1 = (OMEM? ) / 2
CALL RTODMS(OME, TDOMF aMGVE 2 SOMF)
CALL RTNDMS(PHIsIDFHI,MFH1,SPHT)
CALL RTODMS(CAPA,IDCAPA,NMCAPA,SCAPA)Y

PRINT OyT 0fF THE DUTPUI DF SUBROUTIME TINPUTZ2

WRITEC6,1000)
1000 FRRMATENIM, M sudnnhanshnddddenerss OUTPUT OF SUBROUTINE INPUTZ «
{hkkkrkr ki hh bk wd b w®, s/, 0¥, T R ANSFORMAY I DN P AR
1“ M F T E R SH’/’iox’H Y Y I T P P T Y RIS RS R TN RN LN T N TRy RN Y J e
loommmaan, /77 ,58%," PARAMETER® ,20x ,» ¢OmMpUTED APPRUXIMA?IDNS”,/,33x,
1" IN RAD™,9¥%»" IN DEGREES™:/)
WRITF{6,1010) SCalsXC,YC,s2C
1010 FORMATY 9%Xs® SCALET,30XsF10,55/5 9Xpo" TRANSLATION IN Xx™al8XsF11,3,
1/59%s™ TRANSLATION IN Y"s3BXsF11,3,/59%s" TRANSLATION IN Z%s1BXsF1
11.3)
WRITE(E,1020) OME»IDOME»MDME » SOME
1020 FORMATC 9X,™ ROTATION UMFGAw, 1IN F10,5,9X22(13,1X),F7,3)
WRITECE,1030) PHIAIDPHIAVPHISPHI
1030 FORMATE FXs™ ROTATION PHYT Mot iXaF 10eS»9Xs2(1321X):F 7. )
WRITF (£,10480) CAPAsIDCAFASMCAPA,SCAPA
1040 FRRMATE 9X," ROTATION CAPA "o f1XsF10,5,8X02(T1321X)F7 3
WRITF (11000
1100 FORMAT(///7/220X,™ M 0 U F L COORDINATLE S",/:200," moume
1----.-D-.------.-----...D---"/,,6!," 1. CONTRUL pnIN'lS"’//’
16¥s% NIWBER"»5%sm™ PDINT®210Xs® X®p 0K, ,m YR, 10XmIn, /1
Do 1120 J=1,NCP
$120 WRITE(6,1130) JaNUMC e X 32YC D)2 2( )
1130 FORMATC 5X»1528%»15%,3F12,4 )
IFCNPFQaNCP)Y GO TO 1160
RRITE(A,13409
1140 FORMATC//26Xs™ 24 UNKNUWN POINTS®,//»
16Xe" NUMBERmosSY o POINT®,10X," X i)™ YW 10Xs"dm, /)
NCPPIxNCP+1
DD 1150 J=NCPP1,NP
13150 WRITF(&,1130) JaNUMEJI2XCIIPY(UI22()
1160 wWRITF(&,1170)
1170 FORMAT(mi»,4BX," G R 0 U N D CONPRDINATIEG SH, /310" veen
1-----.---'.-----.-—-.-—-.--.---",/,,6!," anTRGL PDIN]S"”/’
16X»" NIMBER®,SY,® POINT 10X, ® X®, 10X " YO, 10X,%I", /)
DD 1180 J=1,NCP
1180 WRITECA,13303% JaNUMCJIsXDCJY»YOCLY»7208)
IF¢JPRINT ,FD,1) GO TO 1500
WRITF(6,1310)
1310 FORMAT(m1w,3%,» THE VARIANCE=COVARIANCE MATRICES FNR GRDUND CNORDI
INATES®//7)
DD §1320 J =31,NCP
1320 WRITE(&,1330) NUMC Y2 CLDDSIGC JrKsl dpk=si3)sl=1s3)
1330 FORMATC3Xsm POINT s 52X r 302X 130695 /32016X03(2XsF13:¢6)0/))
Gn TN 1340
1500 WRITF(&,1510)
1510 FORMAY (wlmy sr/03xpm THE LIST OF VARTANCES FOR GRUUND (NOKDINATESW,
17/55%,% NUMBER™,3Xs™ PUINT",7Xs™ VAR X™s8Xs™ VAR Y™, 8X»" VAR 7")
DD 1520 Jel,NCP
1520 WRITF(E,1530) s NUME3»(PDSIGC jakKpK)pKut23)
1530 FORMATCIID0,SY 21525 K3CE12e522X))
1340 IF¢IPRINT.EQ,1) GD TO 1700
WRITE(&,1610)
1610 FORMAT(=1®,3x," THE yARIANCE~CNDyARIANCE MATRICES FOR MODEL CDDRDIN
1ATES™, /2/)
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DO 1620 J =1,NP :
WRITEC(S,1330) NUMCU)2 €0 SIGJUCJr»Ksl )aNm],s3)50L=8,3)

GO TO 1640
WRITE(6,1710) ‘
FORMATE®™I",///53%s" THE L IS8T OF VARTANCES FOR MODEL COORDINATES™,

17715%s" NUMBER®,3Xs» PUINT",7X,m VAP xms8Xs™ VAR Yw,axs% VAR 7%)

DO 1720 J=m1,NP

WRITEC(6,1530)JsNUMCUIC SIGULUIKIK)»KT123)

CONTINUE

RETURN

END

SURROUTINE INPUTI(NCPNUMsYDsYDsZ0sxrYsZsSCAL»OME»PHI»CAPA,XCsYCh7Z
1C,DDS5IGL,51G6)

CO.OOl|....‘-."...'...'.'.Il..l.I.U..Ql..'.i...“."l..ill.!.".‘..l.l.
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50

TRIS SURROUTINE READS UUTPUT fFROM AFMY TRIANGULATION pROGKRAM ¢ MO-
NFL. CDORDIMATES AND THEIR DEVIATIDNS Yo

IT RaTATES THE MpDEL BY sMALL ROTATTON ANGLES AND THE CoMPUTED
CNORDINATES ARE cONSIDERFD TO pE FleTITIOUS wGROUND® (ONTROLS,
THE GRCUND IS ASSIGNED ARRITRARPILY HIgH WETGHTS AND THE pROGRAM
coOMPUTFS THE ADJUSTED TRANSFORMATIOM pARAMFTERS AND THEIK DEylAe
TIONS, wHICH Apg REPRESENTING THE UMCERTAINTY OfF THE p0OpEtL AS A

WHOLFE ,
THF INpul ¢OORDINATES ANp pEyIATIONS NEEp NOT gE IN THE SAME nNRDFR

LRI I I I DR B I R LB I I I NN I O B B B N B O I O B I I S I A RO BN I N I AR N BN I R R R

DIMENSTION  NUM(C1003,X0¢100y,Y0¢100y,720¢100y, X200 97(300312(10030
t POSTGe100»,323)58T64¢1002353)s TREGCY)sMINCI)»SEC(Sys8(3r39sa8¢353y

i »V(3)sS51G6R(3)
READ INpPUTY

READ¢S+5) IX1»IX2»1x3,]1x8
FORMATCAI10)

DD 10 J=1snCP

RFADCS,203 NUM(CJYs XCJ)s YLJY, Z0JY
FORMAT(I10,3F15,7)

I = 1

READCS,40) NyS1,82,83,11111
FORMATC 110, 3F20,10,8X%212)

IFC(NLEQ . NUM{ID))Y GD TO 40
I =1 +1

GD TN 4%

SIGJUCI»1»1) = 81
SIGJCI»122) = 0,0
SIGUCI»t1»3) = 0,0
SIGJtI»221) = 0,0
SIGJ(I»222) = S2
SIGaJC1»2»3) = 0,0
81G6y¢1,3,1y = 0,0
SIGJCI»322) = 0,0
S1G6JC12323) = 53 .

IF¢ITIIT1.NE,L99Y GO TD 3P
PRINT THE READ INPUT
WRITE(6,50)

FORMAT (w1w, //77,5%," THE FIVEN MODEL COURDINATES Of THE CONTRDL PO
LINTSYs ///»8Xs™ NUMBERM™S1IXs™ XM 07X," YM,47Xs™ I, /)
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DO 60 T=1,NCP

WRITF(E&,TO0Y ToNUMET s XcTds Y(I3» 7¢1)

FORMAT (21594 3(F11,2,8¥%))

WRITECA,B0)

FORMAT(®Iw®,///,5%," THE DPEVIATIONS PfF THE MODEL

CNORLINAYES NF TH

1F CONTROL POINYS®s//7/7s S¥o™ NUMBER™.B8Xa"™ SIGMA XMsOX.h SIGMA YH,0y

1, SIGMA Zn)y
DD o0 T=1,NCP
WRITECE, 100 I»NUMCTIs( SIGUCI»KsK)»Ke123)

FARMAT(2I5,9Xa3(FL1,756X))
GENERATF ARBRITRARY ROTATTONS

READ(S,105y DEG1-DEG?
FRRMAT(2F30,5)

I¥ = I¥4

AM = DFGl/57,2957795131
§ =z DFGZ/5T,295T7T795131

bp 110 1=1,3

CALL GAUSSCIX»S»AMsV(]ID))

CALL RTODMSCyCT Y TDEGCIY»MINCIY,SECCTYY
OMF = V¢l
PHI = V(2)

CAPA = V(3)
WRITF{é:,120)
FARMAT(mIT "anaadnkannknrhhnadndnrn PRINT OQUT Ot

INPLTI b avdwn

VhradehduRhidaban,/////25)Xsn THF ARBYTRARY ROTATIUNS OF THE MOpELw,

177»30%sm IN RAD*,9X," IM DEGREES™s/Y

HRITE (&2130) V(1I,IDEGCIYsMINCLI)»SECCY)
FARMATCOXs» OMEGA®»13X2F10,7s7X22¢I321%)2F7.3)
MRITF (65131) V(2),1DEG(2YsMIN(2)s8ECC2)
FORMAT(OXs™ PH] P 13X F10eT»TX»2¢1%51%)2FT . 1)
WRITE €62132) V(II-IDEGI3IY-MIN(3Y»SECT3)
FORMAT(OXe® CAPA Mol 3XrF 10727 xr2¢CI351x)sFT.3)

CALL ROTATE (OME,PHI,CAFASA,AS)

Do 170 I=i,NCP

¥OCIde ACY1p1d% XCID ¢ ACY1s20% YOT) + AC1233%% ZC1)
YOCI)= AC2,10% X{I) & AC2:2)% Y(1) & AC2,¥3% 2(¢1)
ZOCTYE AC3,10% XCI) + AC322)% YOI} + AC3,3Y¢ 2(1)
CONTTINUE

ASIGN VALUES TO ApPROxIVATE TRANSFORMATION PARAMETFRS

READ(S52105) ATRALDTRA

IX eIX?

AM = ATRA

& = NTRA

DD 200 I=1,3

CALL GAUSSCIX»S»AMay(IdY’
¥XC = V(1)

YC = V¢2)

ZC = V(3)

I¥ = 1¥3 :
REAC(S5,1U%) DEGI,DEGH

AM = DFG3I/ST.2957795131

§ = DEGH/ST 29577951351
po 210 1=21,3

CALL GAUSS(IXaS,AM»V(I))
VeI = =V(1)

CALL RTODMS (VCI3I»IDFGUT)Y»MINCI)aSECC(TIY)
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OMF = V(1)

PHI = V(Z)

CAPA = y(3)

I¥ = IX4

RFADC(S5,105) ASCALSDSCAL

AM = ASCAL

5§ = NSCAL

CALL GAUSS ( IXsS,»AMaSCAEL
WRITEC6,220)

220 FORMATC 277777779 5%,™ APPROXIMATIONS FNR THE TRANSFORMATION PARAME
1TERS®, /710X PARAMETER*,»24X,m APPROXIMATIUN®,/#38%s» IN RADw®, O
1" IN DPEGREES™»/)

WRITECS6,230) SCAL»XCaYC,ZC

230 FORMATC 9X»" SCALE™»30X%X,F10,5,/» 9X," TRANSLATION IN XMs18XsFi1,5,

1/729%sn TRANSLATION IN YealBxoF11,55/29%2m TRANSLATION IN /Z7s18XsF1

11,5)
NRITF(6,231) VC1)» IPEGCI)aMINCE)2SECCY)

‘231 FORMATC 9X," ROTATION UMFGAR, 1IXpFI0,5:9Xs2(1351X)5F7.3)
WRITE(#,232) : VE2)»INEGCR)»MIN(2),SECCLE)

232 FORMATC( 9x%»" ROTATION PHI  ®adfysFl0,5s9%Xs2¢1351X)5F7,3)
WRITF(6,233) VE3)2 IPEGCAI»MINC3)ISSECE )

233 FORMATC 99X, ROTATION CAPA woltXsF10,5,9Xs2(1351X)sF7e3)
WRITE(6,180)

180 rORMATC(™I",////s5xs" GROUND CODRDINATES = (GENERATED gy RUTATION D
{F THE GIVEN MODEL CDORDINMATES)™, //725K0® FUMRER™,

11Xa® X"y 1TXsm YrplTXom 7¥s/)
. Do 190 I=i.NCP
190 WRITE(6,70) T-NUMCI»xUCTY»YD(T3,20¢1)
READCS5»250) (SIGGRIK)»K=123)
250 FORMATC3(EL1043.5X))
DD 260 gelaNCP
DO 260 k=153
pp 260 | *1,3
IF (K=L) 26122625261
261 DDSIGC jsk2l) = 0.0
60 10 260
262 DDSIG(JsKsLy o STGGR(K)#*2
260 CONTINUE
DD 160 J=1sNCP
Do 160 Kk=1,3
DO 160 Le1,3
IF (K~L ) 16621672168
166 516JCJ,KsL) = 0,0
6o TO 160
167 SIGUCUsKILY = SIGJC JsKaK)I*#2
160 CONTINUE
WRITE(6,700)
700 FORMAT enmlm, ///,n dunhavbtinknnnbhkadn VARIANCE*COVARIANCE MATRIC
1[5 *iii*it*tt**t*tt**it",//)
WRITF(6,710)
TI0 FORMAT ¢ 3xsn THE VARIANCE=CNYARIANGCE MATRICES FOR mODEL CODORDIN
1ATES"»///)
Do 720 J=1,NCP
720 WRITEC6,730) NUMCUI»C(C(STIGJCUsK, L )sK21,3)028s3)
T30 FORMAT(3Xs® POINTPaIS,»2Xs3¢2XpFE13,6%2 /22 16Xs3C2X0E13,6)4/))
WRITE(K,750)
750 FORMAT(///»3%Xs" THE VARTANCE=COVARIANCF MATRICES FOR GROUND CDORDY
INATES™,///)

WRITE(E,760) (C DDSTGCUsKsL)sK=123)sL=1,3)
760 FORMAT( 3C16X»3(2X2E13,6)2/))
RETURN

END
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SURRDUTINE TRANSF  NCF,MPsNUM XD Y705 X2 Z2SCAL,OME»PHISCAPA,S]
16J»DSIG,0DSIG»SIGOs JUs MAXTI TR JPRINTLIPRINT ,XCr¥C,2Cy

PO IS S U R R N A BN N BN BN R RN R BE O RY O BN BN BN BUDE B BN RN NN R BN BN BN N BN BN B NN NN BN BN N NE S B RN BV RN BU RN BB N BN IR BN IR BN Y

PURPOSF
PERFODRMS THE LEAST SpUARE F17T OF ONF DIGITAL MODEL TO AN OTHER

FOR REASONS OF CONVEMETON TWE ONF MNDEL IS CALLFD ®MOUFL®™ AND
THE DTHER ®GROUND®,

DFFINITIUN DF VARIARBLES
NpsNCP = 1DTAL NywpFR PF PUINTS AND NuyMptR OF CONTROL®
NMUM = 1P NUMRER 0F PDINTS
X0s¥0,70 = GROUND COORNDYNATES Of THE CONTROLS
XsY,Z = MCDEL COORDINATES DF ALL POINTS

SCAL = I1RF AppROXIMATE SCALF OF THE MOLEL
XCry¥CsZC = APFROXIMATFE TYRANSLATIONS Of THF MOUFL
OME ,PHI,CAPA =« APFRNXIMATE ROTATIONS DF THE MDLFL
SIGD = ESTIMAYED MEAM SpUARE ERROR DF ULNYT WEIGHY

SIGJUCNP,3,3) = VAR/COVAR MATFICES OF THE MODEL COUWDS
UF At.L THE POYTNTS
DNSIGENCP#323) = vAF/COyAP MATRPICFS DfF THF GROUNL cUCRDS
OF THE ¢ONTRO1 PRINTS
DSIG(7s7) = VAR/COVYAR MATRIy UF THE TRANS;ORMATION pARA=
MEYERS .
MAYITR = MAYIwyMm NUmMBEP nOf ITFRATIONS ALLOwED

a.l.l.'l.l..O.'.l.C'..'..ll'l.l.l.l.I...l.'.'.I‘O.I.OOI.l.l.l.CO.liog

DIMENSTON NUM(100y,xN(100),Y0r100),Z0(100), xN0¢10033Y0ONc100)
12200010032%C100)5Y(100)»,7C100)sWJC100s323),DDWC100»3»3)2DPNINV(Y00
12323ys876J¢100,3,3),0D570¢100,3,3y>PDF) TA(100»33»DDK¢100,B3,RNC1I00D
157533s81GM0100,3,3)5DX¢100),DY(100%sN7(100)sXMCI00Y»YMCLIODY»IM(10
103sDFVIACI00»3:3)

DIMENSTON DRT(7-,3)s0DBT(323)sDRTHWI(T»3Y2DDRTHIC3r3)»0(T2322NDK1(3)
12DDKZC3YPRETATIS0Q(TYPBMICT23)2BNTCIoTY2DDONIVTCT27YsHIC 327 )sH2C 37
192 H3¢T23)2A8(353) pTBC3aT9s00Be323)5Ce3)aDDCCI)sLWeToTYrAWILS
1232 ADNWC3,3Y,D0RC33) s PTNINJC33)sPGCT)I2DN(T2732DCC7IsDGICTISDD UK
1757)eDVM(To7)sDKCTISDDINVIT s 7)oDELTACTILONDCLTYIsF (333, 8TIGOELCTaT)Y,
IDSTIG(T»7)»CORCTIsPARIT IS CIGPARCTISDFVPAR(TsT7)2AS(3,35,81G6R(3Y,514
IMOC3Y»V(A)»IDEGE3)sMINCIIISEC(D)

ASIGN APPROXIMATIONS TU THE TRANSFOPMATION PARAMETERS FOR THE
FIRSYT TTERATION

SCALD = SCAL
¥XCO = XC

¥YCO = ¥YC

I¢h = 7C

OMEC = OWME
PHID = PH]
CAPAD = CAPA
oo 5 JE1,NCP
XoocJd) = XpeJ)d
YOD¢J)Y = YO
200¢d) = Z0¢J)

S1GOLD = SIGO
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COMPUTE THE WEIGHY MAYRICES

CaLL

WEIGHT (NPsNCPsJJsNUMs» JPRINTAIPRINT,SIGD»S1GUP0SIG,D0S]

1G2SCAL,WJeDW,DDW )

ITER=1

INTTIALTIZF

470 DD 10

MATRICES DD AND DG

k=l,7

DGC(kY = 0,0

Do 10

L=1,7

10 DDtxsLY = 0,0

COpPUTATION Or ELEMENTS OF PC ¢ RIGHT HAND FOR TRANSFORMATIUM PARAMF
TERS DNRSERYATION EQUATIONS )

peel)
Dee2)
DC(3)
DC(4)
Deces)

DCcey

DCer)

RN a8 An

SCAL=5CALD
XCex¢O
YC=YCO
i¢=7C0
OMp=DMEQ
PHI=PHID
CAPA=CAPAD

COMpUTE THE ROTATION MATRIy AND THE DERIVATIYE fFOR pHI

CALL ROTATE ¢ OMESPHISCAPASASAS

coMpUTE THE CONTRIBUTION Of FACH pOINT Tp THE DD AND DG MATRICES

Do 20

Jzl s NCP

CALL PART( A AS,X0(J)s¥YP(J)rZ0(d)»X00CJ )2 YDO(JI)»ZO0CJI#XCHYC,2C,
1SCAL DR, DDR,C50DC, XeJ) e YUY, Z(U))

00 30
p0 30

Kel,3
L=1,3

ANJCKSL )Y eWJ{JsK,L)
30 ADDW(K,L) = DOWC(J,K,L)}

CALL DETCAL (NP, JpDB,,D0B,PCsUDCoCrANY»DW2ADDKAUON,DDN, DR DLW s BN,
1DDNINVLDDNINY)

Do 4o
pn &0

Kel,3
L=l,7

40 BNT(K»t) = BN JpL,¥)

po 50

Kel,7T
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DO 50 L=1,3
S0 BNJCKsl Y = BNOUsKSL)

CALL MXMULT(BNJsDDNINJ2CrT 2303
CALL MYMULY(QsBNT,RsT»7,3)
oo 60 kzi»7
nn 60 L=ts7
€0 DOJLKSL ) & DN{KSLI*"R(KsL)
Do 70 K=1,7
geck) = 0,0
DD 70 L=1,3
TO @OCKkY = QOCK)Y & OCKILI*DDKCJILL)Y
DO 80 x=1,7
BO DGJ(K)Y = DK¢K)Y = QBR(K)

CONTRIBUTTION DOfF POINT J TU MORMAL FQUATIONS

DO 90 Kmi,7
DGCKRI=CGEKI+DGJCK)
o0 90 L=1,7

90 DKL ¥=0DCKLI+DDJ(K,L)

70 COMTINUE
FORMULATION OF NODRMAL EQUATIONS

DD 300 Kk=1,7
DHDCC(KY = £,0
pn 300 L=1e7
300 DWDC(KY = DWDCCKY + DW{K,LI®*DCc¢L)
N0 310 Kk=1.7
PGetky = DGEK)Y + DWOC(K)
DD 310 L=t,7

J10 DDCKALY = DDCKsL) + DhCHabL?

SOLUTION Of THE NORMAL EquATIQONS Tp ORTATN CORRECTIONS fOR THE
TRANSFORMATION PARAMETFRS

DO 320 Kk=1,7
DD 320 (=1,7
320 DDINVIX,L)=DD(K,L)

CALL INVERS ( DDINVsTaIl )

DO 330 Kel,7
DELTACK)Y=0,0
DD 330 L=1,7 »
330 DFLTA(K) = DELTA(KI¢DDINV(KsL 3*+DG(L Y

COMPUTATINN DF CORRFCTIONS FOR THF GROIIND COORDINATES DF EACKH PDINT

DO 340 J=1,NCP
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DD 340 K=1,3

SUM1=20,0

sSyM2=0,0

DD 350 M=1,3

SUMYz SUMISDDNINVJ,KaMISDDK(JsM)

DO 350 N=1,7
350 sUM2aSUMZ4DDNINVCJsKaMISCPNCUsNsMI*DFLTAIN)

340 DOELTACJsKY = SUML =SUM2

ERROR ANALYSIS

CALL STGMA (NCP’xﬂﬁYﬂ:ZU:XUO:YUO;ZDﬂ’xCJanZC:SCALsDFLTA!DDFLTA:

1A A5 XsYsZoDCoWaDDWsDW,EIGNEW )

DD 360 K=i1,7
DO 360 L=1,7 .
360 SIGDFLC(K?LY = SIGNEWeDDIMV(KIL)

COMPUTATIDN DfF THE yARIANCF=COyARIANCF MATRICES FOR EACH PUINT

00 410 J=1,NCP
Do 370 KkE1»7
Op 370 L=1,3
370 BNT({LsK3Y = BN{JsK,L)
pp 3R0 k=1,3

Dp 380 M=1,3
380 DONINJ¢MaKY = DONINV(JsMsK)

CALL MXMULT ¢ DONIN,BNY,H1,3,7,3
CALL MyMULT ¢ H1,DDINys#253,7,7 )

DD 390 K=1,7
b0 390 L=1,3
390 HI(KsLY = HICL»K)

CALL MYXMULT ¢ H2sH3»F23,327 )

DO 400 K=1,3
Do 400 LE1,3
400 SIGMJICJsKslL e SIGNEWR(DDNINJCKILYSFCKsL ))
410 CONTINUE
ASIGN = SQRT(SIGNEW)
Pp 205 Kel»7
405 DEVPARCK?K) = SQRT(SIGOEL{K,K))
CALL RTODMS(¢DEyPARCS,53, 1DDE O, MIDE O, SEDE VD)
CaLL RTDDMS¢DEVPAR(6»6), IDDEVP, MIDEVPSREDEVP)
CALL RTDDMS(DEVPARCT»TY»1DDEVC,MIDEVC,SEDEVL)

CONVERGENCY CRITERION

IF¢(ABS(SIGNLD=SIGNEWY~SIGO#] ,E~2) 420,430,430
430 cALL OUTPUT  ITERASIGN,DELTA,SCALSXCrYCoZCOMEspPHISCApPA,

1DEVPAR )
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ITFR = ITER41
IF ¢ ITER=MAXITR ) 480,840,450

UPDATE VARIABLES

440 SCAL=SCAL+DELTA(1)Y

XC =XC +DELTAC?)

YO =Y0 +DELTA(3)

¢ =ZC  +DELTAC4)Y

OME =0ME +DELTA(S)

PHT =PRI +DELTAC&)

CAPA=CAPADELTAC(T)

DD ué60 J=iNCP

XntJ) = XO0CJ)Y + DDELTACUS1Y

YNCJY = YO(J) + DDELTAC»2)
460 Zn(J) = Z0CJ) + DDELTACU, 3

SIGOLD = SIGNEW

60 TN 470
450 wRITE(6,640) MAXTITR
6“0 F('IPP‘AT("]"# ﬂ(/,f/////)p?ﬂ!l" **********ttititiii*i**tntiiitn’/,20!

fom &M PFXom 2wy 7, 20w * SOLUTION POFS NOT CONVERGE #w,/,

120X,% « AFTER™,15," TTERATIDNS /320X RN, 27X,

1 TN a20NsT kRN RN R R AR RN NN AR, 40/ ))

Gh TN 10CO
420 calL BUTPUF ¢ ITthﬂ51GNpDFLT#nSCALaXC:YC;ZC;UME»PH'»CAPApDF

IVPARSTGDEL, XDy Y0, Z0,DOFLTA,NUM, NCP,STGMY)

IF(NP,EQ.NCPY GO YO 000

CALL PYCOMP ¢ NPkaP;SCAL»XC:YC:TCJUMEnPHI:CAPApY:YPZ!NUMn

i DEVPAFR,SIGYY
1000 cpNTINLE

RETLIRN

ErD

SURRNUTINE REIGHT (NP;NCFsJJ:NUMpJPPINTplPRINTpSIGU:SIGJ:USIG,DDSI

1G,5CAL, WJsDW,DDW )

q000DUDODGDOBODOGQOUODUUDOOU3990000609eﬂoiileﬁGOBOGOOCIl.l'OCﬁG.'.'Ol..

THIs SUBRDUTINE cOMPUTES THE ZEIRWT MATRICES FOR THE COLRDLIMATFS OF
ALL THF cRUUND CONTRDL pOINTS ANPD THE MODPEL = CONTROL AND UNKNAWN =
PRINTS AND ¢NR THE AppROXIWATE TRANSEPRMATION PARAMETERS, 1T ACCcEpRTE
FiILL VARTANCE=COVARIANCE NATRICES,

INPUTS
NP,NCF = 1CYAL NUMBER NF PODINTS ANp NUMeER UF CONTROL
NUM « I NUMRER OF POIMTS
JJz JPFINT,IPRINT = INPUT PARAMETERS { SFE MAIN
SCAL =~ APPROXIMATE SCALF OF THE MUDEL
STGD = ESTIMATED MEAM SQUARF ERROR DF ULNIT wEIgHT
STGU(NP,353) = VAR/COVAR MATRICFES DF THE MODEL COGRDS

OF ALL THE POINTS
OPSTG(NCP,3,3) = VAR/COVAR MATRICES OF THE GROUNL CODRDS
GF THE CONTROL PRINTS
DSIG(7+7) = VAP/COVAR MATRIy UF THE TRANSFORMATIDN PARA=
MEYERS

DUTPUTS
CONTINUE

WUCNPs3,3) = TKE WEIGHT MATRICES DF THE MDDFL CUDROS OF
ALl THE PDINTS®
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DW(7,7) = THF REIGHT MAYRIX OF THE TRANSFURMATION PARA
MFTERS
DDW(NCPs3,3) = TRF WEIGHMT MATRICES DF THE GROUND LUUFDS OF
THE CONTROL PPINTS

XA N N N E NN N N R E NN NN NN N RN NN NN NN NN I N I BN AN N

DIMENSTON DW(T,73+DSIG(T»73>S1GUINC3s3YoDDSINV(3»33,DSIGINC(T»7)
DIMENSION W, C100,353),00¥(0100,3,3),0D816GC10053,3),81640100,3,53),N0

tME100)
INITIALTZE THE WEIGHY MATFICES

DO 100 K=i,7
D0 100 L=1,7
100 DR(KsL Y20,
DO 110 J=l,NP
pp 110 K=1,3
Do 110 L=i,2
110 WJCJaKslL)=0,
DD 115 J=1,NCP
0D 115 K=1,3
DD 135 L=1.3
115 DDWC Jek,aLl )0,

cOMPUTE wEIGHTS OF THF TFANSFORMATIOM pARAMFETERS

00 200 K=1,7
200 DHeksKk) B STGO*(1/DSTIGIKIKDY)

PRINT MATRIy fOR TRANSFORMATION pARAMETERS

WRITE(6,145)
145 FQRMAT(nin,////,- hhkkneddhhanbernndnehann wEIGHYS ySER IN SOLYTION

1 Ehkktatdnandbsanhendea®,//)

IT:(G.ZZD)

220 rnnn Yo 77723xsm» THE WETGHY MATRIx rOR THE TRANSFORMAIION PARAMETE
1RS"»//17)
B0 230 K = 1»7

230 WRITE(£,280)C DW(KsL)sL=l27)

240 FORMAT(2X»7E10,3)
cOMPUTE WEIGHYS fFOR GROUNC AND MODEL PBINTS

IF ¢JPRINT,NE,O0 3y GO TU 400
DO 320 JR1,NCP
Dp 310 K=1,3
DD 310 L=1,3
310 DDSINV(KsLY & DDSIG( sK,l)
Call IMVERS toosrnv.3»11>
D0 320 kEisd
Dp 320 L=1,3
320 DDWCJs¥,L) = STGO*DDSINVCK,L )Y
GQ TN 500
400 DO 420 J=1,NCP
DD 420 K=1,3
420 DOWCJsK,K) = SIGO*C1/DUSIGCYsNsK))
500 IF (JJE@,2 Y GD YO 550
J =1
WRITEC&,520)
§20 FORMATC////5 3Xs® THE GROUND CDORDIMATE WEIGHT MATRIX®,///)
DD 525 KE1,3



525 WHRITE(6:530) (DOW(JsKsldsl =139
530 FORMAT(BXs3(F1t.8,5%))
Gp TN 582
550 WRITF(&,555%
555 FORMATC(////»3%Xs" THE WEIGHT MATRICES FNR THE GROUND CLORLINATES OF
1 THE CPANTROL POINTSm,///)
N
570 WRITE(&,560) NUM(JJ;(DUhfdn1:L)al=l,3),(DDN(J12pL)pL=1-3)»(DDH(J,a
1, ¥,121,3)
560 FRRMATCIX.® PUINT"-IS:S(Fll.4’9X)r/n2t14x;3tg11.a,9x);/))
IF{J="NCP) S61,5627:562
56y U= J + 1
Go TN S70
562 IF¢IPRINT.NE,OY GO TO 8OC
PO 720 g S1aNP
Do 710 K=1,3
pe 710 L=1,3
TIO STIGUINCKsLY = SIGUC rKel
CALL IMVERS (BIGJUINS3»11)
DO 720 k=1,3
pp 720 L=1,3
720 WJCJsKsl) = g1GO*§IGJINCKSL)
6N 10 900
800 DD 820 4 = 1,NP
pn 820 K=i,3
BZ0 WUtJrKrK) = SIGO*{1,SIGUCJrKKY)
900 TF(JJeMEel) GO TO 1100
1000 WRITE(&,1020)
1020 FORMATY /777y 3¥sn THF MODEL CUOPDINATE WEIGHT MATRIX®s 77/

J oz
bp 1025 kKe1,3
1025 WRITEC(6,530) (WYl sKslLdsl21,3)
G0 10 130
1100 WRITF(&,1120)
1120 pORMATC///53Xo™ THE RLEIgHY MATRICES FOR THE CDORDINATES Uf THE MOD
IDEL POINTS ¢ CONTYROL AND UNKNOWNY ®,/777 )
J o= o1
1140 WRITF(A,560) NUM(J);(NJEJnlaLJsLBIn3JafNJ(J:29L39L=1pBDnCVJ(Ja3sL)
isl2isd)
IFCJ=NP)Y 1125,11830,1130
1125 J=Jd+
GO TO 1140
1130 CcONTINUE
RFTURN
EnD
SURROUTINE PART ¢ A.As;xU:YD:ZnaXDUpYDnaZDUsXC:YC;ZC,SCALnDF;DDB.C
1»00CsxsYe )
DIMFNSIQN DB(3»?3:008(3;3):C(3):DDC(3):A(3n3):as(3:33
C
€ COMPUTFS THE CONTRIBUTION [F FACH POINMT TU THF OpsERyATION FquATIONS
. ,
Dx=XNw¥(
Dy=¥YD=¥(
DZ=Zn=7¢C
DRCI»1)="AC1,1)*DX=ACLs2)%NY"A¢1,3)8D7
DR{21)="A(2,1)eDX=A(2s2)%NY=AL2,3)+D7
DRC3,1)==A(3,1)40X=A(3,2)2NYuA¢3,3)eD?
DRC(1:2)¥= SCAL®A(1,1)
DRC2,2)e SCAL®*A(2,1)
DBRC3,2)= SCAL*A[3,1)
DEC1:3)= SCAL#®A(1.2)
DB(2s33= SCAL*A(2,2)
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DB(3,3)= SCAL®A(3,2)
DB(3+4%= SCAL*AC1,¥)
DR(2s8%3 SCAL®A({2,3)
DR(3s8)m SCAL®A(3,3)
DBC1s5%a SCAL®CAC1+3)%DY"AC1,2)4D2)
DR(Z,5)% SCAL*(AC2,3)aDY*A(2,23+D2)
DRC3s5%a SCALWN(AC3I»3)elY=AC3,2)4D7)
DEC126)n="SCAL*CASCI,1)¥DY+AS(1,23+0Y+28(1,2)+D2)
DR(2s69a"SCALNCASC2,1)%DX+AS(2,2)%DY+A8(2,3)*D2)
DRC3,6)a=SCAL*(AS(I,1)*DX¢AST3,2)epY+AS(3,3)%D2)
DRE1,7TIneSCALR(AC2,1)aDXeAC2,2)aDY+8(2,3)4D2)
DRC2sT)a SCAL*CACI»1)oDY4AC122)2DYAL1,3)0D7)
DRC3»T3= 0.0
DD 10 Knl,3
DD 10 Lai,3

10 DDB(KsL }==SCAL®ACK,L)
DDCC1) & XO0=X0O
pRCL2) = YD=Y(0D
pDCC3) = ZD=7200
£(1y = SCAL*CACL,1I%DX+A(1,234DY¢A¢I3%DZ)=X
Cl2) = SCAL*CAC2,1)eDX*AC2,20%DY+A(223)%DZ )Y
C(3) = SCALWCAC3-1)I*DX+ACI22I%DY+A(323)*0DZY>Z
RETURN

END
SUBROUTINE DETCAL (NP, gsDRsUDB,OC,DDC,CyW s DN2ODN2s DN, DLN,DR,»DDK» BN,
{DONINY,RONIN ) |

R R A r E N S E N N RN N R NN E R NN NN NN NN R NN NN RN NN A NN AL NN N )

Tuls SURRDUTINE cOmpuTES THE cONTRIeUTTON Of EAcH pOINT TQ THE NDw
RMAL EQUATIONS DF THE ¢DFRM
DN » DD + BN &+ DND = DK
BNY »« DD ¢« DDN « DDD ¢ DDK
VATRICES ¢DWPUTED BY THIS SUBROUTINF = DNsnDN»BNsDKsDLK

INPUTS
DR2DDR+DDCsC = ELEMENTS DF THE NuSERVATION EquATIONS
COVMPUTED IN SURRNUTINE PART
DC = ELFMENT 0N THF DRSERVATION EqUATIONS COMPU=»
TEN IN SUBROUTINE 3DTRAN
WJsDWsDDOW = WEIGHT MATRICES OF THE MODDEL COOADS» THE TRA-
NSFORMATION pARAMETERS AND THF GROUND cOORDS
J = NUMRER OF THE POINT
OUTPUTS

ONsDDN»DKsDDK = EfFMFNTS OfF THE NDRMAL EQUATTONS FOR THE
INPIVIDUAL POTINT J
BN = ELFMENT 0F THF NORMAL EQUATIONS STORED IN A
NCP«3x3 MATRIY FPR FUTURE USE
DDNINY = INVERSE NF DDM STORED IN A NCPw3#3 MATRIX
DONINY = INMVERSE OF DDM OF THF INDIVIDUAL POUINT

.oo-nt.ulaooa'.-ceiuctlooniOIOlOIQG-oooooi'|llt.!"'t.l..ootul!-cl.l.||

M OO OO OO OO0 000D

DIMENSIDON ﬁK(T)!0N(7;7)JDDC(3)’09N(3J31’DB(3!7)pHJ(393)’pl(7!7)’
10¢3)200¢7),DDB(3,3),DDONINJC3,5,33,DDNC3,3)

DIMENSTON DBTC753)»DDBT(353)+DBTYNJCT»3)2DOBTNIC(32335B)\JCT23)5DDKY(

133,0DK2¢3)
DIMENSION DDNINYC1005s32332BNC100,7,3),0n0K(10053)
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COMPUTES THE CONTRIRUTION DF EACH POINT TO THF NORMAL EQUATIUNS

INITIALIZF ELEMENTS OF DN DPRNsDK,DDK

IY OPOY Y OOY

00 10 k=1,7
Dk(l‘3=0.0
DO 10 L=1,7

10 DNMCKsL)Y = 0,0
po 20 K¥=1,3
DNKCJrk 3=0,
ne 26 L=1.,3

20 DDN{K»LY = 0,0

CONSTRUCT MATRICES DBT(T»3) AND DDBT(353)

DD 30 ¥=1,3
Dp 30 | =%,3
30 DNEYIKsL) = DDB(L,K)
PO 40 kK=1,7
DD 40 | =1.3
40 DRT¢(KsL) = DB(L,K)

COMPUTE DN(7,7) AND DODNC 3539

[ N ]

L Mt 8]} TWJsT»

EALL MYMULTEORTmO DRI DN T1 7253
CALL MXMULT (DDBT»WJ»DDBYKJs3,3,3)
CalLl MYMULTC(DDBYW rDDBr,DNCNs 353,33
DO 50 K=i1,3
np 50 L=3,23
DDONCK2L )} = DDN(KsL) + ODWIK,L)

50 DDNINJCKaL)Y = DDNC{K,L)

CALL INVERS ¢ DDNINJ,3,11
D0 60 K=1,3

DD 60 Lel,3
&0 DDNINVCJUPKsLY = DDNINJCKAL)

™M

COMPUTATICN DF DK(T) AND ULK(J»3)

DD 70 K=l,7
PO 70 L=1,3
7O DK(K) = DK(KY « DBTRJ(K,L )% (L)
DD 80 k=153
DDKi(X) = 0,0
DD 80 L=1,3
80 DDKICK) = DDK1¢K) + DDBYWJCK2LYC(LY
DO 90 ¥K=1,3
DDKZ(KY = 0,0
DD 50 L=1,23
90 DDK2(KY=DDK2¢K)+ DOW(KsL Y=NDC(L )
D0 100 K=1,3
100 DDKCJs¥) = DDKI(K) = DULK2(K)
c
C COMPUTATION OF BN(J»T+3)
C
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CALL MXMULY ¢ DBTHJ2DDB,BNJLT,3,3)

DD 110 x=i,7Y

DD 110 L=1,3

BNEJUsKsL) = BNJIK,LY

RETURN

END

SUBROUTINE SIGMA MP»XPa¥NaZUsX00sYOD,Z00s XCoYL2ZCsSLALSDELT A,
{DDELTA»AsAS»XoYs72DCrhJsDWwsDW»SIGNFYW )

A EEEENEFRAENENEEREENNNEEE RN ENENNENESENEERNIENNENSENSENNENENENJENESENENNNNN]

THIS SURROUTINE cOMPUTES THE MFAN SeUARE ERROR DOF UNIY WEIGHT Df
FAcH ITERATION, CALLEL SIGNEW, BY SDLVING THE OBSERVATIUM EaqpA=
TIANKS ¢0OR YTHE COWMPUTATIOM Df TWE RERINUALS,

INPUTS
NP¢(NCP) =~ THE NUMBFR OF CONTRO!S
x0,Y0,Z0 = THE GROUND CORRDS OF THE CONTROLS
x00,Y0D,Z00, :
x00,y00,700 = ApPROAXIMATIONS TN THE GROUND COURDS DF THE
COrMTROLS AS USED IN THE FIKST ITERATION
XsY¥s2 = MODPE)L CONRDINATES OF THE PUINTS
SCAL = TKE APPRNOXIMATE SCALF OF THE MQLEL
XCaYCsZC = APPROXIMATE TRANSLATIONS OF THE MODEL
OME, pHI,CApA = AppROXIMATE RATATIONS OfF THE wmnLEL
A,AS = TRE ROTATION MATRIX AND ITS DERJVATIVES
DFLTA(Ts1y = TRF cDMpUTED TRANSFORMATION pARAMETERS
DOFLTA(NCP,3) » THF COMPUTED GRNUND CDORDS OfF THg CONTROLS
CONTINUE
Dc = TpF RIGHT WANPD MATRIy Df THE DpSERyATIDNM
EoUATIONS ¢ FROM SUBROUTINE 3DTRAN )
#J,0W,DDN « WETGHT MATRICES Of THE MODEL cOOKDS, THE TRA.
NErORMATYION pARAMETERS ANp THE ROUND CDORDS
cuTPUTS

SIGNEw = THE NEw MEAN €QUARE ERROR OF UNIT wEIGHT OF
THF SPECTFIC TTERATINN

|...Q.Q..'Q!..liotﬂtotl.G.'ll'll.I.lbltl'll!.'llllll..l."...l.ol..
DIMENSION DRC3»73sDDR{IAL I CUIYSDDCE3INSA(323)2AS(3,: 3% 0wlTT)
DIMENSIgN DELTACT)Y, DCeTyaVE3¥aDDV(3IsDV(T)

DIMENSION X00¢100),X0C1C0),Y0¢100),Z0¢100),XC100),Y¢100322¢100),
1YDOC100Y2200¢100Y,WJIC1005353),DDWC100,323),DDELTALCL100,3)

VTIWV=0.0
NDF = 3«NP=7

Je1i ’

CALL PART( A,AS,x0CJ)»Y0CU)»ZDCUI)»vDDCJY»YODLUI2200CyYsxCsYC,2C,
1SCAL»OR,DDBCaDDC,X (NI YO I)AZ (U
DD 100 K=1,3 :

Slsolo

§2=0,0

Pn 110 L=1,7
S1=51+DB(K,LI*DELTA(L)

no 120 L=1,3
$2=S2+DDB(K,LI«DDELTA(JISL)
VEK)=C(KI=51=52
DDYCK)YEDDCCKI4DDELTAC yo k)
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512000
§2=0,0
on 130 K=1,3
DD 130 L=1,3
S1=S14VeRIwNJC I KL yuy (L)

130 S2=52+DDVIK)I«DDWCJoKpLIeTDV (L
VTWyeYTWV+S51452
IFCJI=NPY 131,132,132

131 U=Jd+d
GO YD ©¢9¢

132 DN 140 K=l,7

O DyckY=DCCKY4DELTACK)

ey §41 kK=i,7

DD 141 L=lsT

141 VTWV=VTWVDVKI*DWI{K L I*lV L)
SIGNFW = yTWwy/NDF
RETURN
END
SURROUTINE RDTATE (OMEsFHRISCAPA,A,AC)

¢
¢ cnmpuTES THE ROTATION MATRIXY gQR GIVEN ROTATINN ANGLES AND TRE
C PARTIAL DERIVATIVES OF THE FUTATION MATRIy ELFMENTS FDR FHI
€
DIMENSTON A(3,3),A8(3,3)
SIND = SEINCOME)
CnsD = cUS(OME)
SINP = SIN(PHI)
tnNsP = CUS(PHI)
SINC = SINCCAPA)

€0SC & COS(CAPA)Y

Ariz1)y = CNSP»CDSC

A¢1:2)= CDSOwSINC+SINOwSTINPaCSE
AC(123)  SIND*SINC=COSU+SInP=CRSC
AC2s1)= =COSP+SINC

A¢2;2)2 CODSDeaCOSC=SINO#STNPaSING
A(2,3) SIND*COSCH+COSUEINPSTINC
A¢3s;1)= SINP

AC322)= =SIND*COSP

At3s3)= COSO*COSP

AScl,1) = =SINP«COSC
AS¢1s2) = STNOD*CNSP#COSC
AS(1,3) = =«COSD«CDSPaCUSC
AS(2:1) = SINP#SINC
AS(2,2) = =SIND#COSP#SIMC
ASt2,3) = COSO=2COSPaSING
ASC3,1) = COSP

AS{3+23 = SINO*SINP
AS(3,3) = =(C0SD«S]INP
RETURN

END )
SURFNUTINE DUTPUF ¢ ITER2ASIGN,DELTALSCALSXCoYCaZCsOME»PHESCAPA,DE
1VPARYSTGDEL » XD YD Z0,DDELTALNUMSNCP,STEMY)

O'I'-l'OIOOi"'00'll!lQQO!l!'lol'.!oqt!.l.lp.‘..lli..c.o.o.p-n..o'......

THIS SUBRDUTINE PRINTS CUY THE RESUI TS UF THE TRANSFORMATION

ApTFR THE SOLUTION HAS ¢PNVERGEDss 1T ALSO PRINTS nuUT THE ApyuSTED
VALUES OF THE GROUND CUDFDYNATED OF THE CONTROL POINTHE AnD THEIR
DEVIATIOQONS, _

=eeeaeveeeee=300=eeeaeeniaﬁﬁeeaﬂﬂrnaaian.no.cln.ooolltioioovolio.0|o|..

O OO OO 3O
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DIMENSION DELTA(T)YSDEVPAFLT,7),5LGDFLL(T7,7)
DIMENSTON XDC1003,YDC100)»2DC100Y+DNELTACL100,3),DEVIACL100,3,3)
DIMENSION SIGMJ(100,3,33»NUMCI00)

WRITE(6,4B80) 1TEFR
RO FORMAT(PIM P hawaktusadhawwssndnrdhedeskrn FINAL QUTPLT #tradutdss

{hREahhanthhdrhearnd®, s/, 92X, THE SALUTION CONVERGES AFTEF I1TERATY
!DN NUMEERH’Ia,/‘lzx’w ey YT T P YT Y R LT YN P T Y Y LA L L L Y T
I----“’//)

WRIYE(6,8903% ASIGN

490 FORMAT (/7775200 % *aauhbtddhd it tnahudhhdbdhhhnan, /20X, " tw,20Y

1™ #",/,20X," #7,3X," SIEMA ZERDE™,F11,4,3%,0 #Ms/,20Ks™ *"s20X,"
1an, 12207 Y Y 2222222 R RS LR 2 K2 R AN NS

ASCAL = SCAL + DELTA(1)

AXC = XC + DELTAL2)

AYC = YL + DELTA(3)

A7C = 7C + DELTA(A)

AOME = DME + DELTA(S)

APHI = PH1 & DELTA{(S)

ACAPA = CAPA + DELTA(T7)

CALL RTYDDMS(¢OME »IDFOME,INOME ,SECOME Y

CALL RYODMS(PHI ,IDEPHI,VINPHI,SECPHI)

caLL RTDQMS(CAPﬁlIDCAPA’MICAPAISECAPA,

CALL RTDOMS(DELTA(S),IDDCME, MDNME »SDOuE )

Call RYODMS(DELTA(6YsIVCPHTI,MDPHT ,SDPHI )

CALL RTODMS¢(DELTA(73»10DCPA,MDCAPA,SDCAPA)

CALL RTODMSCADME ,IDAOME s MADME ,SAOME )

talt RT0OOMScaPHI ,IDAPHI,MAPHI ,S5APHI

CALL RTDDMS¢ACApPA,IDACPA,MACAPA,SACAPA

CALL RTODMSSDEypARC5s5 ), TDDE 0 01DEy0 s SEDE YD)

Calt RYOUMS(DEVPaRCG,6), IDPEVP,MIDEVP)SEDEVP)

CALL RTODMS(DEVPAR(TJ?)p!DDEVC:M!DEVC;SEDEVC)

WRITE(6,500)

SO0 FORMATC/210%Xs™ T R A n 8 F DR M A T 1 0 N PARANKETERS"

1/’10!’" --.--t.----p—n-.-----.-------.--------------—---.n,//.ZSx,
» OLp VALUE®™»3Xs* cORRECTION",2Xs" FINAL VALUE",3X,» EVIATION®, /)
WRITE(6,510)SCAL»DELTA(L )»ASCAL,DEYPARLN])
510 FORMAT(SX,"™ SCALE FACTORT»AXp2(2%oF11,5,2X5E11,4))
WRITF(6,520)%C sDELTAC2YsAXC,DEVPAR(2,2)
S20 FORMATCSXs® TRANSLATION IN Xxme2(2XsF11,322¥0E11,.4))
WRITECH55303YC sDELTACIY2AYCIDEVPAR(3, 3)
530 FORMAT(5Xa» TRANSLATION TN Y™ 2(2%sF11,322¥,E11,4)))
WRITE(6,540)7C +DELTACAY»AZCHNEVPARCA54)
540 FORMATISX»® TRANSLATION IN Inr?(2XsF11,3,2X0E11,4))
WRITE 6,550y IDEOME,MINDME»SECNME»INDOME»MDOME » SDOMF » IDAQONME,
1 MAOME , SADME, 10DE yO, MIDF vO, SEQE YO
550 FORMAT(SX»"™ ANGLE OMEGA™»S5Y, 401X»13,135F6,2))
WRITECA,560) IDEPHI ,MINPHI JSECPHI,INDPHI,MDPHI ,50RHI ,IUAPHI,
{MAPHT »SAPHISIDDEYP,MIDEVP»SEDEVYP
560 FORMAT(SXs" ANGLE PHI"s T8 IX»T13513,F6,2))
WRITF (4,570 IDCAPA,MICAPALSECAPA,IPDCPA,MDCAPA,,SDCAPA,IDACPA,
IMACAPA,SACAPARIDDEVC,MIDEVC,SEDEVC
570 FORMAT(SXs"™ ANGLE CAPA™» 6xs8(1%s13,134,F6,2))
WRITE(&,»SB0) '
SB0 FORMATC,//7210Xsm THE VARYANCE=COVARTANCE MARTIX OF THE TRANSFORMAY
1IDN®,/7)
DD %90 K=i,7
500 WRITE(E,600) ( SIGDEL(KsL)sLEL,7)
600 FORMAT(™ ®,7E11,4 )

NRITE(6,610)
610 FORMAT(rEr, //,18%,™ LIST OF AD)USTED GROUND COORDINATES®2/518%s" =
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]....---.u.-----—-----.-------—--n-n,//,ﬂ N{]MBERH'6X," xn,!lx’u yp’
111X 790BYX," SIGEXY",4X," STIGEYIM 0" SIG(Z3I%"s/7)

DO 620 J=1,NCP

XD(JY = XO(J) « DDELTACU,1)

YNeJdy = YOCJ) + DDELYA(U»2)

Z0¢JyY = Z0¢J) + NDELTACU, B

DD 625 Kk=1,3
625 DEVIACU,Ksk) = SORT(SIGKICLIIKNKD)
620 WRITE(6,630) NUMCUIaXOLUIsYOCUIZ0CIISDEVIALULT151)4DEVIACUS2,2)4DF

1VTACJ»3,3)
630 FORMATCIO»3C(2XsF1143)23¢2X2E11,4))
650 CONTINUE

RETURN

END

SURROUTINE OUTPUTY ¢ ITER,ASIGN,DFLTA,SCAL,¥C,YC,2C,0ME,PHI,CAPA,
1DEVPAR )

T RS I DR R O I BN B O B BN BN BN BN IR BN BT B NN BN O B RE I N B N RN NN I NN N BB SR N I A IR IR RCIE N NN N N N R R

THIS SURRDUTINE pPRINTS CUT THE RESYI TS OfF FACH ITERATION t xcEpT
THE LAST AND FINAL ONE.

CIC IR N B RC R B O LY R B B BN BN BN O B NN BN A BN BN O N AL BN BN NN IR AN BN B A R B RN NN RN NN NI N N NN RN N NI NN N A K R R Y

DIMENSION CELTA(7)sDEVFAR(T,T)

WRITF(&,10) ITER
10 FORMAT(wl#F," docenwwdbhahddibdhabhhbdi ITERATION NUMBER™,J4,2Y%,

1" AR rkh kb bk Ak k™)
WRITE(6,20) ASIGN

70 FORMATL////7520Xsm Saddddd Rt ddatkadddds v e bt ahdansrnn, /,20Ks" €n, 20y
1o7 %% 420%™ #7,3X, % STCMA ZERDe™sF11,4,3Xs" wmy ,,20Ks% 9M,20X,w
1P, /320X" araddddhnndddddhhdabdhbhadarthran®,//)

ASCAL = SCAL + DFLTaACI)

A¥YC = XC ¢ DELTACZ)

AYC = YC + DELTACI)

AZ2C = ZC ¢+ DELTAC4)

ACME = OME + DELYA(S)

APHT = PHY ¢ DELTAC(S)

ACAPA = CAPA + DELTAC(T)

CALL RTODMSCOME ,I1DEOME, HINQME, SECOME)

CALL RIODDMS{PHI +IDEPHIMINPHINSECPHT)Y

CALL RTDDMS(CAPA,IDCAPR,MICAPA,SECAPAY

CALL RTODMS¢DELTA(S)Y, IDDOMF,,MDOME eDNME )
CALL RTDDMS(DELTACAI»ICDFPHI,LMDPHT »SDPNI )
CALL RTQDMS(DELTA(T Y, JODCPA, MDCAPALSDCAPA)
CALL RTODMSCADME IDADMF-MAOME »SAOME

CatlL RTODMSCAPHI »IDAPHIsMAPHI ,SAPH]

CALL RTODMS(ACAPA,IDACPRAMACAPA,SACAPAY

CALL RTYODMSCDEYPAR(S5:5),T10DEVO, MIDEVD,SEDEVD)
CALL RTDUMS(DEVP#R(éyb)yIDnEVPnMIDEUP:SEDEVP)
CALL RTOUMS(DEVPARCT»T),IDDEVC,MIDEVC,SEDEVE)D
WRITE(6,30)

30 FORMAT(/»10%o" T RANSFORMATIUN PARAWETERS™,
1/’10x’ﬂ ----------..-----.I.-------------ﬁn--—-..---..---l"’//’25x’
we OLD VALUE®,3x,» CORRECTINN® ,3%,m MEW VALUE",3x,* DEVIATION®,, /)

HRITE(C£,00) SCALDELTAC1I»ASCAL,DEVPARILSL)

40 FORMAT(SX," SCALE FACTOP™»0X0202¥sF11,552X0E11,42))
WRITECA,50) XC SDELTA(2Y2AXC +DEVPAR{2,2)

50 FORMATC(SX,m™ TRANSLATIQN IN XPp202XsF11.322Y5E11,4))
WRITF(&,60) YC »DELTACI),AYC +DEVPARC 3,3
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60 FORMATCSXs® TRANSLATION IN Y",2(2XsF11,3,2%X5E11,4))
WRITF(E,70) 72C HDELTACAY»AZC S»DEVPARC4,4)
70 FORMATC(SXs® TRANSLATION IN ZP,»2(2XsF11,322%XsE11,4))
NRITF (6, B0y IDEOME,MINOVME» SECOME»IDDOMES MDDME s SDOMF » ILAOME,
IMANME »SADME»IDDEYVO,MIDEVO,SEDFVD
BO FORMATCSXs™ ANGLE OMEGA™»SX, 4CIXsY¥3,732F6,2))
WRITE (&, 90 IDEPHI,MINPHI,SECPHT,IPDPHI,MDPKI ,SDPHI ,104PHI,
IMAPHT »SAPHISIDDEVYP,MIDEVPH»SEDEVP
90 FORMATISX %" ANGLE PHI®, TY,401Xs135,13,86.2))
WRITE(&,100) IDCAPA,MICAPA,,SECAPA,IDDCPA,MNCAPA,SDCAPA,IDACPA,
IMACAPA,SACAPA,IDDEVC,MIDFVC,SENEVE
100 FORMAT(SX," ANGLF CAPA", 6Xp8(1X»I13,13,F647))
WRITECA,110)
t10 FORMAT ¢//2Sxs ™ ROTATIONS IN RADIANSwy//)
WRITE(6,120) OMESDELTA(S )2 ADMESDEVPAR(S25)
120 FORMAT(SX»"™ ANGLE OMEGAP»SX»2(2XsF1148,2XsF11.8))
WRITE(6,130) PHISDELTACEI»APHISDEVPARCAG)
130 FORMAT(S5Xs"™ ANGLF PHTI "25%»2(2X»F1148,2XsF11448))
WRITF(6,180) CAPA,DELTA(7IsACAPALDEVPAR(TST7)
140 FORMATESXs™ ANGLF CAPA "»5Y¥,2(?XsF11.8,2XsF11,4))
RETURN
END
SURRNUTINE OQUTPUX(¢JJsNPsNCP,MAXITRs gPRINT,TPRINTSSTGO,DS1G)

TH1S SURRUUTINE PRINTS THF INPUT OF THE MAIN,/THREED
TEMPORARY WRITE=UP

DIMENSION DSIG(7,7)

WRITE(6,109 NCPsMAXITR
10 FURMA (nlm; 10y, 0 GENERA( DATA=,//10ys» NymgER Of pOINTIS USED IN Ty
1€ SOLUTIONw,10x,T5,/,10%,™ MAXTMUM MUMBER NF ITERATIONS ALLOWFD®,!
11¥»15)

WRITEL6,540)
140 pORMAT ¢, s//03xsn THE yARTANCE-CDVARTANCE MATRIx rOR THE TFPANSFORMA

1T10N PARAMETERS™,//,10X," (DRDER Of VARIABLES = SCALE,DX»pvYsDZ,0OME
1sPHICAPAYY, ///)
DO 170 KE1,7
170 WRITFC&,180) (DSIGC(KsLIsl=1,T7)
180 FORMAT(2XsTE10,3)
ASIGD & SERT(SIGOD)
WRITE(6,110) ASIGO
190 FORMAT (////7320Xpm hakaknbhihbhabbtbdtanbdnnadhraktn,/ j20Xr" #n,20Y
ta® €M /,20% " #"y8X," SICMA ZERDa™sFO,528X," #W,/,20Xs" *7,20% " »
[T /2200, ddhdhkkdnadhtdhAhhbahhhhhhaastan®,//)

RFTURN
END

SUBROUTINE RANDUCIX,1YsYFL) PAND 540
' RAND 1@
uonoaic-Oo'ovloooltcioOOIO'litlcl!'clcnl.oocooocoloo'oclutoo!o'otlpRAND 20
RAND 30
SUBROUTINE RANDU RAND 40
‘ RAND 59
PURFOSE RAND &0
COMPUTES UNIFORMLY DISTRIBUTED RANDOM REAL NUMBERS wETWEEN PRAND 70
0 AND 1,0 AND RANDPM INTEGERS BFTWEEN ZERD AND RAND B8Q
Pa%31, EACH ENTRY USES AS INPUT AN INTEGER RANDLM NuMBER RAND 90
AND PRODUCFS A NEw INTEGEFR AND RFAL RANDOM NUMRER, RAND 100
RAND 110
USAGE RAND 120
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CallL RANDUCIXsIY:YFL) RAND
FAND
DESCRIPTION OF PARAMFTERS RAND

Ty = FOR THE FIRST ENTRY THIS MuUST CANTAIN ANY LDD INTEGER RAND
NUMBER WwITH NINE OR {FSS DYAITS, AFTER THE FIRST FNTRy,RAND
Ix SHOULD gk THF PRFyIDUS yALUE OF Iy COMPULTED RY THIS PAND
SUBROUTINE, RAND
Iy = A RESULTANT IMTEGER RANDPM MUMBFR REQUIRED FDOR THF NEXTRAND
ENTRY TO THI& SUBROUTINE, THE RANGE Df THIS NUMRER IS RAND

CONTINUE
BETWEEN ZERU AND Z2+431 RAND
vrL= TWME RFSULTANY UNIpORMLY PISTRIBUTED, FLOATING wOINT, RAND
*RANDDM NyYMgER IN THF RANGE O TO 1,0 RAND
RAND
REMARKS : RAND

THIS SUBROUTINE IS SPECIFIC TP SySTEM/360 AND wILL PRODUCE  RAND
2#%29 TERMS REFORF REPFATING, THE RFFERENCE RELOW DISEUISSFSRAND
SEEDS (65539 HEREY, RUN PROBLFMSs AND PROBLEMS (NMCFRNING RAND
PANDOM DIGITS usSlite THIS GENFRATTON SCHEME., MA(CLARFN AND RAND
MARSAGLIA, JACM 12, P, B3=R9, DISCUSS CONGRUFNT]AL #AND
CENERATION METHODS AND TESTS, THE USE OF Two GENEKATORS OfF RAND
THE RANDU TypF, OMF FILLYNG A TApLE AND ONE pIC,ING FROM THERAND

TARLE, IS OF RENEFTT IN =OME rASFS, 65549 HAS pEEN RAND
SUGGESTED AS A SEFP whlcu wAs GETTER STATISTICAL pkCPFRTIFS RAND
FOF HIGH ORDER BITE NF THF GENERATED DEVIATE, RAND
SEEDS SWOULD RE CHPSFN IN ACCPRDANCE wITH THE plScUSSIDN - RAND
GIVEN IN THE REFEFFNCE BELOwW., ALSO» IT SHOULD #E NOTED THATRAND
IF FLOATING POINT RANDOM NUMBFRS ARE ODESIRED,AS ARE RAND
AyATILABLF FROM RAMDU, THF RANPOM CHARACTERISTICS OF THE RAND
FLUATING POINY DEyTATES ARF MPOTFIED AND IN FACT THFSF RAND
I
CDNTTNEEVI&TES HAVE HIGH PRUBARILITY OF HAVING A TRAILING LOW RAND
PRNER ZERD BIT IN THFIR FRACTTONAL PART, RAND
RAND
SUBROUTINFS AND FUNCTION SURPROGRAMS REQUIREpD RAND
NONE RAND
RAND
METHQOD RAND
FOWER RESIDUE METPID DISCUSSEP IN IBM MANUAL Cc20=8011, RAND
RANDOM NUMpER GENERATION AND TESTINg RAND
RAND
OitlililiﬂllOl'.l!'l.l.lll.llltl.!l..io.'!l0'!'0.00!.'.!Il!"o.la.PAND
RAND
1¥Y=I¥wA55 30 RAND
IFCIY)IS 0.6 RAND
1v=1Y+214T583647 41 RAND
YFL=1Y RAND
YFL=YF| e 46566413F=9 RAND
RETURN
END
SURRDUTINE GAUSS¢IX,SsAMIV)Y GAUS
GAUS
OOIIOQOOGOI0'!.!0.00'l"!D.0.0!!l!O!O.!'l.li!!’l...!ulllO'Q.llllooﬁigg
H
SUBROUTINE GAUSS GAUS
GAUS
PURPDSE » . GAUS
COMPUTES A NORMALLY DISTRIBUTFD RANDDM NUMBER WITH # GIVEN gAUS
MEAN AND STANDARD PEVIATYDN GAUS
GAUS
USAGE GAUS

CALL GAUSS(IX,S$sAMsV) GAUS

130
140
150
160
170
180
190
200
210

220
?30
249
250
260
270
s8¢0
790
300
3o
320
330
340
350
360
ito
38¢
390
400
410

420
430
240
450
460
aro
080
a%9o0
500
510
520
530
550
560
570
580
590

390
19
20
30
40
50
60
7o
8¢
90

100

110
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DESCRIPTION OF PARAMETERS
Ix =1x MUST CONTAIN AN ODD INTEGFR NUMBER WITH NINE OR
LESS DIGITS UM THE FIRST FNTRY TN GAUSS, THEREAFTER
1T WwILt CONTAIN A UNTFORMIY NISTRIBUTED INTEGER RANDOM
NUMBER GENFRATFD By THF SUBRDUTINE FOR USE LN THE NEXT
ENTRY TO THE SUBROUTINE, _
§ =TrE DESIREDN STANNARD DEYIATINN Of THE NORMAL

CONTINUE
DISTRIBUTION.
Am *THE DESIRED MEAN DF THE NDRwAL DISTRIBUTION
v =THE yALUE OF THE cDOMPUTED NDRMAL RANDOM yARIARLE

e NeEesNele NeRelNy

REMARKS
THIS SUBRDUTINE USFS RANDU wHTCH IS MACHINE spEcIflc

SUBROUTINES AND FUNCTTION SUgPROGRAMS REQUIRFD
RANDU

MFTHOD
Usts 12 YNTgORM RANDNY NyMgERS TN cOMpUTE NDRMAL RANDOM
NUMBERS BY CENTRAL LIMIT THEOREM, THF RESULT IS THEN
ADJUSTED TD MATCH THF GIyEN MFAN AND STANDARD DEVIATION,
THE UNIFORM RANDOy NiimgERS COMPUTED wITHIN THE SURRCUTINE
ARF FOUND BY THE PDWER RFSTDUF MFTHOD,

.'.l.l.".l...ll"...'.ll'lf.l.'ll.ll"...'.l.l.'lll.l..‘l!.....‘.

M OO O OO OD OSSO0 D0

A!0.0
Dp 50 1=1,12
CALL RANDU¢Ix»Iysvyy
i¥=Iy
50 AzA+Y
VE(A=6,0)%S+AM
RETURN
END
SUBRNUTINE INVERS ¢(A»M»11)

11T = 1 pIviplon BY ZEROD
Tuls ROUTINE COMPUTES THE INVERSE OF AN M X M MATRIX,

AnD DESTROYS THE ORIGINAL MATRIY,
A 7FRD DYAGONAL ELEMENT WIlL CAUSE A nrIyISION BY 2ER0

WHICH wIlL STOP THE FROGRAM,

Iz s NeXe e Nalal

DIMENSTION A(MaM)
11 = 0
40 Dp 7 L=1M
¢ ROWw L 1S5 PIyOTAL ROW
FMNz 1,0/ACL.1)
DIV = A(La1)
oo 4 J=22M
4 Atls Jg=12= A(Ls)/DI1V
ACLsMI)= FMy
¢ PIvOTAL ROW HAS REEN MUDIFIFD » NOw DTHFR ROwS TO BRE MODIFIED
Do T ou=1s M
1F¢J=LY 5» 795
® FMULT & ACJs1)
PD 6 Kz2» M .
A ACJs K=1) =CACIsKI=CCFMUI TISCACLIK™YD)Y)
ACJsMIe =FMN * FMULTY
7 CcOMTINUE

GAUS
GAUS
GAUS
GAUS
GAUS
GAUS
GAUS
cAUS

fAaUS
cAUS
GAUS
rAUS
GAUS
GAUS
GAUS
GAUS
GALS
GAUS
nAUS
GAUS
GAUS
GAUS
nAUS
6AUS
cAUS
GAUS
rAUS
GAUS
GAUS
GAUS
GAUS
GAUS
GAUS

TNVS

INVS
INVS
INVS

INVS
INVS
INVS
TNVS
INVS
INVS

INVS
INVS
INVS
INVS
INVS
INVS
INVS

120
130
140
150
160
170
180
190

200
210

220
230
240
250
260
270
280
290
300
ilo
320
330
340
350
380
ato
3890
400
419¢
420
430

440
450

10



60
RETURN
R 11= 1
RETURN
EnD
SURROUTINE RTOOMS ¢ ANGLF»

IDEGs MIMs SEC

PURPOSE .
TRANSFORMS ANGLES #ROM RADTANS TN DFGRFES,MINUTES,SECUNDS

DESCRIPTINN DF yARIABLES
ANGLE = THE INpUT ANGLE TD BE YRANSFORMED
1pFg = THE DEGREFS ¢ INTFGFR )
MIN = THE MINUTES ( INTFGER ))
SEr = THE SECONDS ( REAt )

e RaNeleNelleRe e e e

ANG = ANGLE+ (¢ 57,29577951331
IDEG = INT( ANG)

DEG Intg

FmIN ¢ ANG = DEG Y* 60,0

MINz INTC( FMIN)

TMIN = MIN

SECE { FMIN = TMIN)® 60,0

RFTURN

END

SURROUTINE MXMULT ¢ AsbpCe¥sLsm 3

eOGﬂeEGlel!l..'UQ!..9!..l..."....l....!.|.I...l..l...‘l...l."l.'.l...

THF SURROUTINE MULTIPLIFS TwD MATRICES

A PRFMULTIPLIER MATRIYX WYTH NIMENSIQOMS K BY M
POSTMULTIPLIER MATRIX WITH DIMENSIANS M BY |
RESULT MATRIX ¥ITH DIMFNSIONS & BY L

R
c

.‘.l.l.i.ﬁi50599999DD.D.DBOGOOOGGOlll.'l....'..l.l.i.l.ll.'l.l'lll.i...

2 NeleNaNeleEe e T W

DIMENSTON ACKsMIsBUMyL),C(K,L )

Ty ™

DO 10 I=1,kK
DD 10 J=1,lL
CelsJd) =0,0
pe 10 Nel;M
10 CC1,) CCI,0) 4 ACIsNI®BON, Y
RETURN
END
SURROUTIME PTCOMP ¢ NPsMNCP»SCAL»XCoYCpZ7Cs0MESPHISCAPA»XsYsZs NUMS
DEVPARSSIG))

.l.ce’.l!l.l"l!.l‘i‘.!’!!l..!‘.!.li.o!.QIIQOIDGDOOCOl.i!..ciilcoegel..

THIS SUBROUTINE wILL COMPUTE THE TRANSFORMED COORDS FLR TWE
UNKNOWN FOINTS AFTER THE ADQUSTMENT OF THE TRANSFORMATIOM

-0oo-oo.oo!o-'0olcDooDOOooinoo'otanuoinallo.000-:.!00ooocoo.lllll0.0|o|

iz N NeoNaNeNe e Re

DIMENSIQN NUM{100)» X(1V0)sY(100)»Z(10032A(323),A5(3s23)

1 »DFVPAR(T,7)» S1G C100,353) ’

DiMgnSTON ﬁT(3’351xMCDUPfiﬁOa33;GRCFGRC100’3)JAT¥(100;3),19ANSL(3)
COMPUTE AND TRANSPUSE 1HF RUTATION MATRIX

CALL ROTATE (OME,PHI,CAFA, A,A8)

INVS 180
TNVS 190

10
20
30
40
50
60
70

RTUOMS
RTDMS
RTDMS
RTOMS
RTDMS
RTOMS
RTOMS
RYDMS 80
RTDOMS 90
RTOM5100
eTOMSY10
RTDMS120
RTDMS130
fTOMS140
RTDMS53150
RTDMS160
FTYDMS170
RTDMS18(0



g Xa’

(o BE2 B 2 ]

(a ReXe]

ia B Nel

10

20

30

40

61

DD 10 T=1,3
Dp 10 Jsl1,3
ATCIAJ) = ACUr 1)

FORMULATE MODEL CDORDINATE AND TRANSLATION VECTORS

DD 20 J=NCP,NP
XMCOORCJP1) = X(J)
XMCOORCJ22) = Y(I)
XMCDORC J23Y & 20 W)
TRANSLE1) = XC
TRANSL(2) = YC
TRANSL(3) e 2C

ROTATE MUDEL

Do 30 JeNCP,NP

0o 30 ¥zl,3

aTX(J’F) = 0.

oD 30 L=1,3

ATX(JeKY & ATXCUSKY ¢ AT(KRLIwYMCOORC ol

COMPUTE GROUND CDURDINATFS COF THFE UMKNNWN POINTS

DO 40 U = NCP,NP

DO 40 1 =1,3
GRCODRCYs1y = 1 /SCALI*ATX ¢ sIy & TRANSL(I)

PRINT THE GROUND COORDINATES Of THE UNKNOWN POINTS

vie DEVPARC(1,1) +DFYyPAR(I,1,
vXTe DFEyPFAR(2s2) *DFyPARCZ22)
VYTeDEVPAR(3,3) «DEVPAR(3,3)
VzTe DEVPAR(CA4,4) *DEYPAR(8,4)
VOeDEVPAR(S5,5) #DEVPAR{K,%)
VP=DFVPAR(6,6y% DEVPAR(Es6
vCe PEVPAR(T7s7T) «DEYPARCT»T)
WRITE(£,50)

50 FORMAY (wlw, ,,,,,30%,0 LIST OF cOMPUTED GROUND COORDINATES OF LUNKND

1WN POIMTS"s/510) " mmowsomrnaccrsrsscssacssrnonsnarswencsonhtonsannne
{ommumnen,//,5X," NUMBER®™ ;10X ,™ XM, 01X ,» YW, 15X ," Zn,
1 10X, "SIGMA X"r10Xs #STGME Yu,iDXs"STGMA i /)

00 80 J = NCPsNP

XM= XMCODDR¢ 421)

YMEXMCOORC U, 2)

ZMaXMCOpR(J, 3)

VXMeSIGJ(Js1,1)

VYMe STGU(J,2,2)

VIMe S5T1GJ(J»323)

VXe((ACE2 3% XM ¢ A(2,1)%YM & Ac3)13eZMyen2y aV| /(SCAL®wG) &
1 COL,0/SCALY*«2)%CC(AStIs1)nY M & ASEP251)%YM +ASC3,1)%7ZMIne2)
! #VP ¢ ((mAC2,1)4XM = ACY,1)aYM)wu2)aVC ALY, 1) wn2)uvin
1  (AC251)%22)0VYM & (BC3,1)%a23%U7M ) ¢ VUXT

Vx=SRRT(VX) :

VY¥z ((AC1s2)%XM 4A(2,2)¢YM + At3r2ynZMy*n2yny| /(SCALw*8)

+ (C1,C0/SCALY*a2)n

(CCeACT,3)eXM = A(2,3)%YM =AC3,3)aZM)eu2)aVD ‘
HO(ASCI2)%XM + AS(222)%YM ¢ AR(I,2)07M)*a2) wyp
OCAL222)0e XM = A{1,2)9YMYna?) ey

+ (:(1!23**2) * VXM ¢ (A(2,2)%e2%4VYM o CACIs2Nn2)RYTM)Y
+ VYT
VY SQRTIVY)

i el jen



62

VZz (CACL3)8XM A (223)eYM 4 AC3I»3)eIMINR2INV] s(SCALX®4)
1 + (] ,0/75CALY*a2)
1 CCCALLRA2I%XM 4 AC2229%YM + ACI»D)I®TZMI*42) wy( -
1 +CCASTYI,3) XM +ASC223)2YM & AS(3,3)4ZM)2e2) VP
1 CCCA(Ps3)eXM = A(L,3)aYMInn2)aVC
1 + (ACL1,30%2)0VXMH & (A(2,3)%42)4VYM + (A(3,3)%aP)aVIM)
1 + vZT
VZ=SQRT¢V2)
B0 WRITF(E,90) NUM{JY»C GRCPDOR(J,I)sI=t 030, ¥XaVYsV7Z
90 FORMAT(SX»IS»6C6X2F11,3})
RETURN
END



6. SAMPLE RUNS

6,1 10 PERFORM ARSULUTE ORIENTATION

6,1,1 INPUT DATA
2 32 & [ o
«0001 )
1.000E420 1,000F+20 1,000£4¢20 1.000E420 1,000E420 1.,000F+20 1,V00F+20 1,000F+20
27 29 15 14
27 0180640 015096,0 3t10.0
29 01075940 p21€24,0 38640
15 014080,0 009575 ,0 904,0
14 0p800T.0 =QUE11H, 0 360,0
17 008701,0 pO%200,0 301.0
kT Nt7232.0 D0%€47 .0 347,90
27 “04%5,4806 O5B, 396 000,799
29 010,564 10De865 =000+ 061
15 033,930 =107+835 0034133
14 006,802 =(R3,853 *000,215
17 =000 879 =Gof.438 000,708
30 056,822 020,231 *00N0s 362
2 049,594 036,132 003,494
28 038,419 1064588 "000.8720
175 =0p8,057 =1227.278 000,275
182 019,160 117,189 003,096
190 056,678 115,561 004,227
181 019,586 LT LT T 001,958
174 =010,957 ~08B, 447 "000,351
166 “042,%25 "(B&:620 000,229
172 010,956 =)P1.763 0004583
173 =013.,266 =57 +258 =000, 387
18pn 020,133 050,199 000Q.05%6
188 057,172 =(R5,845 0ng, 183
169 =(09,653 DT24515 =000.170
177 020,824 075133 000,178
184a 054,609 OTE, 321 ond.111
185 058,569 V4T 4865 002,914
178 026,090 052,083 000,028
170 *010.,685 051,498 "0004,236
163 “081,656 C0S,040 =000,679
171 “00%,245 01844659 000,126
188 054,842 V134650 "0p0,.223
187 053.032 *014,4109 000,507
199 028,979 *()23,733 001,182
168 =011,219 108,819 000,081
183 058,296 112,773 002,585
217 023,697 110,495 000,339
27 ., 225FE+03 +1F+03
29,225¢403 v1F+03
15,225¢+403 2 1F+D1]

63

¢

6,25E%02
6,25€+02
6425E%02

99



14,225E+03
17,225F+03
30,225E+03
27 J1g=03
30 L1g=03
29 LJ1E=03
15 L1E=03
ia .1[‘03
17 L1E~03
28 L1E=03

? JiF=03
190 L,1F=03
182 L1Eg=03
166 L1F=03
i7s L1f=03
i7a «1£=03
181 L1F=03
188 +1E=03
180 o 1E"03
173 L1E=03
172  41g=013
19¢ LiF=03
187 L1g~03
186 w1E=03
171 + 1E=03
163 L1F=03
i7T0 LiF=03
178 ,1£=03
185 ,1f=03
184 .!E'03
177 +tf=03
169 L1g=03
168 ,1f=03
183 ,1g=03
217 +ig*03

64

+1F403
+1F+023
1 1F+01
+1F=D3
p1F®03
16703
.17'03
«1F*023
v1F=03
»1F=03
s 1F=D3
s 1F®03
2 1F=03
s1F=013
«1F=D2
W17*03
W1F"D3
+1F=03
«1F=03
W 1F=03
el1F=013
e1F~03
2iF"03
e1F=03
e1F*03
v1F=03
«1F=03
«1F"03
«17=013
1F™03
«1F 013
s1F®03
o 1F"D3
slF*02
v1¢®03

6,25E+02

6,25E4%02

6,25£402 99
v1E"03
«JE*03
J1F=03
W1E=03
o1E%03
«1E=013
W 1E°03
«JE"C3
J1E=D3
«1F"03
+1E=0C23
«1E=C]
JI1F=03
+1E”03
W1E"03
+1E703
+1E=03
J1E703
«1E703
+YE*D3
W 1E703
+1E°03
«1E=03
+JE"C3
«1E£"03
«1F=03
«JETO]
W1ET03
+1ET03
2»1ET03
#1E™O03
w1E™03 99



6.1.2 OUTPUT 65
GENERAL DATA

NUMBER OF PDINTS USED IN THE SOtUTION 6
MAXIMUM NUMBER OF ITERATIQONS ALl OWED 6

THE VARIANCE»COVARIANCE MATRIX #OR THE TRANSFORMATIUN PAKAME TERS

(DRDER OF VARIABLES = SCALE,DX,PY,NZ,0ME,PHI,CAPA)

G0
¢.,0
0,0
Ce0
0e0
00E 21 0,0
U,100F 21

00E 21

QOO0 OO0
. % % w e = e
DO O QO
SO0 a0 0D
- ®» & o & = e

DD D OO

0,0
0,0
0,0
00 21 0,0
0.0
0.0

OO0 00 OO0
- * ® w s .

OO 0CC

I I8 A X2 R XSRS XXX ST

. *
* SIGMA ZERD= 0,01000 ¥
. *

IR ARRRREA L AR R 2EA SRR S Y X



66
OUTPUT OF SURRDUTINE INPUTZ

whhkkkdkhbhhhkd kv khhhddn LIRS XS XS Y

TRANSFODRMHATION PARAMETLERS

LAY L L R B N 2 &2 & B2 L At AR R Rl Ll Xy Ll A 2 L Ryl Y PYyY

PARAMETFR COMPUTFD APPROXIMATIONS
IN RAD IN DEGREELS
SCALE 0,00667
TRANSLATION IN X 10088,592
TRANSLATION IN Y 5982,703
TRANSLATION IN 7 434,501
ROYATION DMEGA 0.,00n22 0 v 46,253
ROTATION PHI 0.00166 0 5 41,500
ROTATION CAPA 0,01¢14 0 55 29.799
MDOEL CONRDINMATES
1, CONTRUL pOINTS
NUMBER POINT X Y 7
1 27 =45 8060 58,3060 0,790
? 29 14,9640 100,8650 "0.0610
3 15 33,9300 =107,63%0 3.1330
4 18 ©6, 4020 »83,6530 *0,2150
5 17 "0.,4790 *8,4340Q »0,7040
6 39 56,8220 20,2310 "0¢3620
2. UNKNOWN PDINTS
NUMRER POINT X Y yi
7 2 46,5940 36,1320 3.4940
8 28 “38,819p 106,5840 ~0,4200
9 175 -b,0570 =122.,2780 0.2750
10 182 19,1600 »117,1890 3,0960
11 i%0 56,6780 =115,5810 84,2270
12 181 19,5860 =84,5990 1.9580
13 174 =10,9570 88,4420 *0,3510
18 1566 =42,%250 86,6240 *0,2290
1S 172 ={0,9560 *21,7T830 -0,5830
16 173 -13,2680 =57.2540 =0.,3670
17 180 20,1330 =50.1990 00,0560
18 186 57,1720 55,845 2,1830
19 169 =9,6530 72,5150 *0.,1700
20 177 - 20,8240 T5.1330 “0+1280
21 184 54,6090 76,3210 3.1110
22 185 58,5690 47,8650 2:.9140
23 178 26,0900 52,0830 0.0280
24 170 “10,6850 51,4980 "0,2360
25 163 *41,6560 5,0400 *0,6790
26 171 »5,285%0 18,6500 *0,1240
27 186 54,8420 13,6500 -0,2230



28
29
3¢
31
32

187
199
168
183

217

53,0320
28,9790
=11,2190
56,2960
23,897

67

=14,109%0
"23,73W0
108,8190
112,7730
110,4950

0.,5070
“1.,1820
=0.0410

245850

0.3390



GROUND

68

COODRDINATES

LA A R L L R D L L P Y LT Yy Y Y ¥y

CONTROL POINTS

NUMBER

[+ RV, I R P RN

POINT

27
29
£5
14
17
o

18006,0000
10759,r000
14080,0000

8007,0000

8701,0000
17232.0000

X

15096,0000
21624,0000
*9575.0000
~6116,0000
5200,0000
9647 ,0000

z

310,0000
386,0000
904,0000
360,0000
301.0000
347.0000



THE VARIANCE~COVARIANCE

FOINT

PRINY

POINY

FOINT

FOINT

PRINT

27

29

15

14

17

30

0.225000F
040
0.0

69

MATRICES FOR GROUND COURDINATEZ,

v3

03

03

03

G3

03

00
0.100000F
0,0

QoD

«0
«1000C0F
20

040
o.100000F
040

0.0
0.100000F

03

03

03

0}

03

03

0.0
0,0
0,62%000F

03

03

03

03

03

- D3
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THE VARIANCE~COVARIANCE MATRICES FOR mODFL COORDINATES

POINT
POINT
PATNT
PNINT
PDINT
PDINT
POINY
PATINY
POINT
POINT
PFFNT
POINT

FOEINT

POINT

er

2%

15

14

17

30

28

175

182

ivo

181

174

172

0.,100000F=03

0.0
0.0

00000E~03

00000E=0D3

00000F=~03

>OQ
- aa
O O

0.00000F=03
G0
0.0

C.100000F=0D2
0.0
0.0

0,100000€6=03
0.0

0.0

00000E=0D3
0000DE=OS
QCQODE=G3
Q000QE=U3

00000E=C3

00000E=03

- » =
O 0 -

0:.100000E=03
0,0
040

D.100000F=03

0,0
C.,100000F=03
0,0

0.0
0.100000F=01
040

o QO

v
+100000F=03
*

00000F=03%

oo

0
1
0
0
1
Q

’
[ )
’
0.0

0.,100000F"03
0.0

.0

0.,100000F=03
G,0

N0000F=023

Lo vl o)
O = O

Ge0
0,100000F"02
0.0

00000F=01]

00000F=03

S L= =)

00000F=03

00000F =03

oo o o O0C o0 o (=Rl

oo O O -0

- - @

00000F=012

oo o
- e
O - QO

00000F=03

(=R = o]
. ® w

o Q=0

00000E=0D3

Q00COE=~D3

G000DE~n3

Lo i R |

«0
+ 0
»100000F=03
0,0
0,0
0,100000F=03

-0 o

0.
O
G, 100000F=03

N,0
0.0
0+100000g=03

0.0
0.100000E~03

0,0
0.0
6,100000F=03

0,0
0,0
0,100000F=03

0,0
0,0

0+100000¢=03
0,0
0,0
0.,100000F-03

200

0
' 0
»100000£=03
o0
« 0
+100000E=03

L=} o 00

«0



POINY

POINT

POINT

POINTY

PDINTY

PRINT

POINT

FOINT

POINTY

POINTY

POINT

POINT

POINT

POINT

PRINY

173

180

188

169

177

184

185

i7e

170

163

irt

186

187

199

168

L= =

0000O0E=D]

[ B = B ] [= =)

ol
v 0
0

0.,100000€E~03
0.0
0.0

0+100000E=~V3
0.0
0.0

0.,100000E~03
0.0
0,0

0,100000E=03
0.0
Ce0

0,100000F=02
0.0
0,0

0,100000F~U3
0.0
0.0

0.100000E~03
0.0
0.0

0.100000F=03
0.0
D0

0+100000E=03

0.0
0.0

0,100000E=03
0,0
0.0

0.100000FE=03
0.0
0.0
0,100000€=03
00
0.0
0,100000E=03
0.0
0.0

D,100000£=03
0.0

71
00000F=013

00000F=03

S - O -

0
0
0,
0,
0.

0.0
0,100000F=03
0.0

[ 28+ R =)

1Y
+100000F=03
«0

0.0
0.,100000F=03

0.0

0,0
0.,100000F=03
Ge0

0,0
0+100000r=p3
0.0

0,0
0+.100000F=03
0.0

oo
s & =

0
100000F=023
0

0.0
0.,100000r=03
Cs 0

0.0

04100000F~03
0.0

00000F=03

QOOCOF=03

oo (=X~ N o]
[~ =] = N -~

’
]
*

0.0
0.,100000Fr=0%
0«0

00000F=03

00000F~0)

0.0
0.,100000E=03
0,0
0,0
0,100000E=03
0,0

0,0

0,100000¢~03

0,0
0,0
n,100000€=03

0,0
0,0
0,100000E~03
0.0
0.0
0,100000F=03
0,0

0,0
0,100000E>D3

0,0
0.0
0,100000F~03
0.0

D+0
0,10000QF>=04d

0,0
0.0
0.100000F€=03

0.0
0,0
0,100000E=03

0.0
0,0
0.100000£=03

0.0
0.0
0,100000F=03

0,0
040
01000VOF~03

Lol = =

0,
0,
0,100000F=03

+0
«0

|-



POINT

PRINT

183

217

0,0

0,100000£~03
0.0
0.0

0.,100000FE~03
0.0
0.0

72
0.0

cC oo

0
«100000F=03
0

0.0
0 i00000F=01)
0.0

0.100000FE=03

0,0
0.0
0,100000F=03
0.0

0,0
0,100000F*03



I AA RS R TR SRS 2 X

73

WEIGHTS HSED IN SCLUYION

I I ES 2 IR RA AR BN Y

THE WFIGHT MATRIX FOR THE TRANSFORMATINPN PARAMETERS

00F=23

THF wEIgHT
POINT 27
POINT 29
PNINT 15
POINY 14
POINT 17
PRINT 30

THF wEIGHT

39398 a9
- & & & & w »

OO0 =00

00E=23

00E=2

COO0OO0O0OQDOO0O
- e * 3 e & e

= e Bl I e ]

3

MATRICES FOR THE GROUND cDDRDINATES OfF TwE ¢nNTRUL pDINTS

U,8484F=06
0,0
0.0

C,h888F=06
0.0
0.0

CollB0E=06
0.0
Cs0

Lo = ]
- » »
OO0 =

MATRICES FUR THE CDORDINATES OF THF MODDEL POINTS ¢ CONTROL AND UNKN

444E-06

0.0
0+1000E=05
Qe

0.C
Q«1CQUE™ODS
Dol

0.0
0.1000E=(Q5
D«0

COOE=05

[~ =~
e i

GOOE™05

[~ =
- = @
v I s |

600E"06
400E=06
«0
o0
+1600E"06
S00E=06

600E=06

600E=06



POINT

PRINT

POINT

POINY

POINT

POINT

POINT

POINT

POINY

POINY

POINT

POINTY

POINT

POINT

PDINY

27

29

15

14

17

30

28

173

182

190

181

174

166

ire

U,1000E
0.0
0,0

U,1000¢€

01

01

01

01

01

01

01

01

01

01

0t

01

01

01

01

O00E

o 00 QOO =Nl -] o o8
a = = - & = s ® g
[ Bl | (= B e ] = B i

- [

o <

= [ ]

™ ™

- W =
D =D
2
L]
<
™

o
-
fo ]

0.1000E

o
-
o

o
-
L]

0+10C00E

-
=}

0DOE

- -y L 30 N ]

® @ 2

o oo [ =B~} (== (=]

.- s 0
D e
ﬁ.
<
2
™

0s0
0.1C00E
0.0

01

01

. 01

01

01

01

01

01

0t

01

01

o1

01

01

01

01

01

01

01

01

01

ot

01

01

01

01

01

01

01



POINT

POINT

POINT

FOINT

PRINT

POINT

POINT

POINT

PNINTY

POINT

POINT

POINTY

POINT

POINT

POINT

POINT

173

180

188

169

177

184

185

178

170

163

171

186

187

199

168

183

0,1000E
0,0
040

0,1000E

c1

G1

01

01

01

01

01

01

c1

- 01

01
01
01
o
01

01

0.0
G+ 1000E
00

0.0
0.1000¢

Q.0
0. 1000F
0.0

0.C
0.1000E
0.0 -

0.0
0.,1000F

Del

0.0
0.1000E

0.0

0.0

01

01

01

0t

01

01

01

01

- 01

01

01

01

01

01

01

75

0,1000¢%

0,0

o1

01

o1

ot

01

01

01

01

01

01

(1} ]

01

01

01

01
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0,0 0.1C00E 01 0.0

0,0 0.0 0,1000E 01
POINT 217 0,1000E 01 0.0 0,0

0,0 0¢1C00E 01 0,0

0,0 0.0 0,1000E Ot
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AL AXEET ISR ST R TSR Y T ITEFATION NUMBFR O Y 23 Y 112 A I

(A2 X AT XSR S22 STS S 2ETR )

* *
» SIGME ZERO=z 0,1tR6FE=01 *
w L 4

(222222222 s s RS TSRS SR EY)

TRFRANSFORMAT I DN pARAMETLELERS

LA g L L A L LR X Ll R LR Py Yy Py Py ) ] Ry Ry

OLD VALUE CORPECTION NEW VALLE DEVIATINN

SCALE FACTDR Qe006E7 =0,1223F=05 0s00667 0,28486F=05
TRANSLATION IN X 10088.594 «0,13%4F 04 8754,57( 1,7299¢ 01
TRANSLATION IN Y 5982 ,703 0,afnsF 03 463,172 0,0B98F 01
TRANSLATION IN 2 430,501 =0,2230F 02 412,202 0,1293F 07

0 84¢.25 0 =2=23,45 0 =1=37.00 ¢ 3 52,87
5 81,50 0 =3=27,10 0 2 14,4y n B8 46,98
55 29.80 0O 1 6,19 0 56 35,99 0 1 54,37

ANGLE OMEGA
ANGLE PHI
ANGLE CApA

caQ

ROTATTONS IN RAPIANS

ANGLE OMEGA 0.,00027824 =(0,6905p=03 =0,00047026 0:1129p~0?
ANGLE pHI 0.00165%64 =0,1008p*02  0+0006%161  0.2555p=o»
ANGLE CApA 0.01612332 0:3209F=03 0+0164584823 0.5585F%03
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bk d b h kA akr kb anrrs FINAL QUTPHT (X I X ET TSR 2R Ly ey

THE SDLUTION CONVERGES AFTER YTFRATION NUMBER &

==’=====.-ﬂ==ﬁ==-=a--ﬁ-.--.-.-'.--.-..----.-----

I EA A2 SR RS R I ERYS RS RN

* *
* SIGMP ZERD= Q411RTE=O1 *
* *

IR AAE AR R AR RS2 XSS EY Y

TRFRANSEFDRMAT I QON PARAMETLELRP RTC

SCALE FACTOR
TRANSLATIUN
TRANSLATION
TRANSLATION
ANGLE OMEGA
ANGLE PK]
ANGLE CAPA

DLD VALUE CORPECTIDN FINAL VALUE DEVIATIQN
DePCBHAT 0»10¢TF=07 0.00667 0.2847FE=05%
IN ¥ B754,570 *0,4073F 00 B754,16¢( 0.7332F o0t
IN ¥ 6463,172 =0,3552¢F 00 6462,818 0. 8957F 04
IN 7 §12.202 =0,1665¢ Q1 410,537 0.1259F 02

0 =1=37,00 ¢ 0 0,88 0 =1=34,.1%¢ r 3 53,18
¢ 2 18,00 0 0 1.55 0 2 15.95 e B 47,42
0 55 35,99 0 0 =0,Us 0 56 35,94 ¢ 1 54,41

THE VARTANCE=COVARLANCE MARTIX pF THE TRANSFURMATION

0,8105F=11 0,16R3F=05=0,4828F%06 0 ,BBT0F=07 0,6B64F=1( 0.2105E=10~0,1060F~09¢

0+ 1683F~05 049376F 02 0¢1055F 00%0¢1372F 00 0923390400 1147TE" 030 1691F=03
0044296706 041055F 00 002457F 07 DeB321F=01 048161705 0:e6(B6ET 04" 00 8052¢™03
0+886BFa0Tw0s1372F 00 0¢8379F w03 041584F 032002687FEw03 0¢B453L=02=0+6B08F =08
0+sBROAF=10 0423397704 0+B161F~ 05704 28BBE~03 Qe 127BE= 05046755606 001128F=07
0e2106F=10%0«1147F%03 0+60B6F™08 DeBASSE=02=046755F=06 D+B53BE" 05" n+B46BF"07
T0e1089F= 09704 1691F% 03704 4052¢" 037046806508 0+1128e=07=0.586BE"07 0.3077F"06



NUMBF R

27
29
15
14
17
o

1807,769
10748,652
16106,629

8000,918

B703,078
17222.94%

LIST OF ADJUSTED GROUND CODDPRDINATES

LA R L L L L LY LYYy YL Ip Ty Py Py ey

Y

15105.505
21621 ,32¢
0589, 348
=6098,605
5197,2340
0636,269

79

z

291,387
392,987
BRA.318
384,540
I05.587
349,190

SIG{X)

0.9?56E
0« 1435F
0«1157F
D¢59T3E
0s7T485F
0+R229F

01
02
02

S1GtY)

GeTONGF
GeB314F
GeBA3TF
Ca731T7E
GeDS1r5F
U.6684F

01
n1
01
01

01l

S16(2)

0.2450F
0.2182F
N 2186¢F
0,1992¢
Nel281F
0,2304F

02
02
ne
02

ne



LIST Of COMPUTED GRCUND CONRDINATES OF UNKNOWN PDINTS

ABweatThee e rb P e AR DS RO OREREES PR ResrTherTracusrre ks

NUMBER

3o
4
28
175
182
190
181
174
166
172
173
180
1R8
169
177
184
185
178
170
163
171
186
187
199
168
183
217

4

17223,25¢8
16100.777
2731707
TB4B,547
11916.5%9
17517,324
11899,895
73304199
25%93.102
7T165.727
&907.047
11896,801
17463,773
7128,383
11690.985
16753,371
17417273
12537,.379
To25.543
2497, 066
7922172
169824680
16739,922
131574523
6804,008
172164086
120684489

Y

¢636 an2
12002.691
223474523
=41888,4%4
"11058.1143
-10721l3=5
6171297
“5822,988
56084355
3173408146
*2153.035
"1012.8R3
'1?67.7“2
17310872
17778439
1806400121
13783.,797
1633%,717
14157T.277
7115.6847
9247 ,5283
864‘.918
aﬂ75-91ﬂ
2976.610
22TH9 4 4RT
235148.016
23087430

4

350,913
928,666
345,68
462,655
BEB2,59%
to48,3%]
709,674
366,749
388,037
327,369
362. 43¢
422.066
73?c?14
362,687
385,775
868,005
B40. 0386
410,233
3T4,.324
314,164
a®2.547
372nQQﬂ
483,95
233,747
3991666
786,263
§53, 0586

SIGMA X

p,366
B.T31
11,922
12,623
12438
172,903
1N.403
10,500
10676
T.729
8,89
g,687
9,633
9,644
G.811
10.4811
Q.279
a, 778
8.661
T.964
7.653
R, 328
A.219
7.988
11+784
12.508
11.%1¢p

SIGwA v

7,122
7,075
90163
9,404
Y.b8p
10,281
7,488
T.724
80351
5.439
6,438
6,378
7,914
T.005
Tap67
8,237
T'Ta0n
6,521
6,207
6,242
S,334
6-951
6.86R
50920
8,736
10100
8,975

SIGguA 7

25.3“7
23,511
26.R139
284422
24868
32,288
20,721
19,988
25058
13820
16669
1Tep24
2T 242
18,120
19,514
27.3%2
26:830
18,260
15.996
2044826
13,233
28,599
240133
17406
22+903
314629
2“-19?

08
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6,2 Tp STUDY ACCURACY OF ABSULUTE DRIENTATION BY SIMULATION

6.2.,1 INFUT DATA

1 25 25 8 1 1
.01
1.000F+06 1,0UDF+06 1,000F+U& 1.000F«06 1,000E+06 1,000F+06 31+000F+06
1.0 1
=1000,0 1000.90 T45,0
- 500,0 1000,0 730,0
o0 1000,0 747,90
500.0 100040 7T35,0
1000,0 1000,0 78040
“1nnd,0 500.0 7T90.0
= 500,40 500,0 800,0
0 500,0 7T20,0
50040 500.,0 7T35,0
1000,0 500.,0 7T49,0
“5000,0 » 0 T13,¢
= 500,0 + 0 784,0
20 +0 795.0
50040 0 810.0
10D0,0 «0 T25.,0
=1000.0 = 50040 730,0
= 500,0 = 500.,0 Tat,.0
« 0 = 500,0 TS8,0
500-0 - 500.0 739.0
1000.,0 = 50040 - 7P9.,0
=1000,.0 »1000.0 78640
= 500,0 =1000,0 793.0
2 O «1000.,0 T49,0
500,0 «1000,0 763,0

1000,0 =«1000,0 T77.0

f.a0F+D2 1,848E+02 s 2SFEHUYD
1,00F+00 1,00F+00 5,00E+00C

20040 =200+ 0 25,0 233142 =, 33142 ,67189
43211 20040 1431 15,0
123455 479213 69813 t111 12356791 21345678%

100 200 *15.,0 5.0 201 0,02 0,03



6.2.2 OUTPUT 82
GENERAL DATA

NUMBER DF PDINTS UdED IN THE SOLUTION 25
MAXIMUM NUMBER OF ITERATIONS ALI OweD 8

THF VARTANCE=COVARIANCE MATRIX FOR THE TRANSFNRMATION PARAMETERS

(ORDER OF VARIABLES = SCALE,DXsDYsDZs0OMESPHI»CAPA)

0,100F OF 0.0 0,0 0,0 0,0 0.0 0,0
0.0 0.100E or 0.0 U.O 0.0 0.0 0.0
6.0 0,0 0.100E 07 0,0 0,0 0.0 0,0
o.n n.o 0.0 0.100{'_ 07 0.0 000 0.0
0.0 0.0 0.0 0,0 0,100E 07 0,0 0.0
0,0 C.0 0.0 0.0 0,0 0.100F (7 0.0
0’0 f‘.o 0..0 04,0 0.0 0|U 0.1005‘ o7

(AR AL ERE SRR X2 222X R 2 X2 2]

% *
& SIbwd ZERDO= O,10000 *
* &

(S22 XS RL AR RRERR XX R R R



B3
akkdakhhbwbanthdanknnan PRINT DUT OF THF INPUT AR AR RA R AR IR R DNk h

L1sYT oF TRUE COORDINATES Uf POINTS USED IN THE SOLUTION

POINT CODRDINATES

NUMBRER X Y 7
1 *1000,000 1000,000 T45.000
2 =500,000 10060,000 73G.000
3 0.0 1000,000 T47.000
4 500,000 1000,000 T35.,000
5 1000,000 1000,000 T80+ 000
& *1000,000 500,000 790,000
7 *500.000 500,000 800,000
8 0.0 500,000 720,000
Q 500,000 500,000 735,000
10 1000,000 500,000 Tag,000
11 =1000,000 0,0 713,000
12 =3500,000 0,0 TB&4,000
13 0,0 0,0 795,000
14 500,000 0.0 8104000
15 1000,000 0,0 725,000
16 =1000,000 500,000 T30+000
17 =500,000 =500,000 747,000
18 0.0 =500.000 758,000
19 500,000 *500,000 739,000
20 1000.000 =500,000 729.000
21 =1000,000 »1000,000 T86.,000
22 =%00,000 =1000,000 793,000
23 0.0 =31000,000 7494000
24 500.000 «1000,000 T63:.000
25 10004000 *1000,000 TTT:+000
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whdhkbptka ke it enrd  VARTANCE"COVARYANCE MATRICES #awwdadanunnddardasdnn

THF YARIANCE=COVARIANCE MATRICES FOR MPDE. CODRDINATES

0,184 03 0,0 0,0
0.0 D.184E 03 0.0
0.0 0.2%

0.0 0fF 02

THF VARIANCE=COVARIANCE MATRICES FOR GROUND CODRDINATES

0,100 0% 0.0 0,0
0.0 0.100€ €01 0.0
0.0 0.0 0.500F 01

THE RATID SIgumA GROUND TO Slam® wmODEL, f0P TWE yx cOORDINATES, AT THE GROUND ScAL!

TuE RATID SIguw® GROUND TO Slum® mUDEL, fOR Tubk y COURpDINATES, AT THF GROUND ScALF

TWE RATIO slayA gROUND TD SIupA MmODEL, fOR TuE 7 cOURDINATES, AT TuF gROUND ScALt



322 FEERE RS R

TRANSFODRMATION

%o e W W

85

DUTPUT OF SURRDUTTNE INPUTI

pARAMETER

SCALE

TRANSLATICN IN X
TRANSLATIUN IN ¥
TRANSLATION IN Z

ANGLE DME

ANGLE PHI
ANGLF CAPpPA

ANGLES IN

DEGREES

ANGLE OMEGA

ANGLE PHI
ANGLE CAPA

POINT
NUMBRER

RY a3 BNV B 2 A) s

GENF RATED

1,00000
200,00000
=200,00000
25.,00000
0,33142
*0e33142
C.AT189

18 5% 20,23

IS TESTRE AR AR A2 R LR X

P ARAMETTLELRS
CORRECTIUNS APPROXIMATIQNS

0,10000 1,10000
20,0000 22040000
15,0000 -z15,0000
5,0000 30.0000
0,01000 0,38142
=0,02000 "0,35147
=0,03000 n,6L189

0 38 22,65 19 33 42.91

=1 =8=45,79
.1-Q3 ‘?.94

CONRDINATES

»=18=59=20,23
38 29 ar,20
M DDEL
GENERATED
X Y
22687, 50 18898.97
272400486 1306009
32529.18 119248,55%
3335%,. 00 815096
39274.914 5230+15
19429445 11586427
30584444 1191509
26841+99 BA5F . 18
32007 .54 2993,238
3667 3. 04 V68491
17538402 1192%42¢
24069.79 817708
29184,73 921250
328“8.06 2939:51
3002t.73 =2274,08
15576.11 4449,33
20033.22 5601473
24567.80 605F 98
28765, 78 =2978,55
33212.50 5220 .56
19868.91 13722458
19702.75 1277497
23498414 = 4775402
25548, 37 =2l 76,49
31565,46 ~12087.8)

7

55011.57
48730449
540773
4T 659 .8R
5024m¢3)
50169451
5638195
547472:48
4851%,10
48149, 4R
5739P .82
BTR5K T
5657 re 48
5021%.87
S8390.5%
55019468
54633439
5012010
49567 4 0?
60887,237
6085P 92
54550 ,4R
SB456 .63
5801004

X

22660436
27228,74
32520473
33369, 06
39279, 68
19417 .36
30586, 27
26862,22
32000.60
36662.23
47555, 44
24081067
?9164,87
32839,83
3In023,.148
15562, 32
20030457
24553476
29248,99
33219.15
19873,79
19691, 07
23480.54
755413, 25
31542,93

=20 =8 =5,54
36 46 39°P6

FERIURRED
¥

1892¢,43
1306763
1192%.30
8169489
So3f,57
1157 3,48
119135, 05
684711
3Inté.n7?
97030
11931434
819f.9‘
5203.,15
2047 ,67
'2?7“026
461,25
SB50.476
ap2P .88
=2086,248
=5537,89
1315:47
127%5,43
*aTp¥.35
=276f,1D
=12108,13

z

55018, 34
GAT264 67
E1nét.63
474658484
S0237+13
581683465
5638%.55
5174732
48513407
48146.82
52392+10
87562421
56576487
545754 0%
5020772
S8a01.98
55022461
S4835.97
50112.75
49565.67
6p8B4a.85
60059458
54561+93
58454464
5400925



POINT
NUMBFR

O X~ WD .

86

COODRDPINATLES

------.--------..----..5'...'--.---

GROUNDPD
GENFRATED
X Y
~12063,27 9559,49
=3183,52 %1% 07
635. 06 10166003
4582,18 8576413
9839.71 B419.86
*11168,25 1066459
=2525, 48 7522.38
573,51 2660453
6338029 3“7].53
1110275 4333.08
~10895,13 21%9,91
=5528,15 CLY-FRY.
323,07 13554190
502011 1989, 06
Ta15.74 *2300e33
5891412 670227
*6315:31 "228B.Bp
=3025,53 235,96
T300.75 3217972
11728424 =28EB. 24
®"5686,25 =7849.53
*5643:56 “78pT«7p
2647453 89549465
472048 =7T203e0?7
13100°%0 “103%6+29

7

604086,213
5649T7T.,87
60868 %85%
RT942,.89
6268P, 50
61381, 31
6475y, 07
56597,37
57T78Fk.84
50394, 38
558072.93
6767T%,47
§38Tb,04
6357306
58090+63
59412492
58469 ,8R
6n3p7,27
57625461
58738,%%
63358416
6289R. 6
EB%2a.4489
634003+91%
61547.8%

X

=12064,34
-318300?
635,86
45683,43
839,74
=491166,48
=2525,719
'5?3062
6339,35
11101.42
»10894,72
=5527.18
323,47
5021416
Ta18,11
'9890.89
"6315,28
*302%,05
T301.79
11728,29
*5584,55
*56483, 34
2649, 01
171%.1y
1310168

FERIUREED

\

9559¥,05
9110.584
[0!“5025
8574,88
8419.20
1neB,.62
T521,3%
266173
Jgrreta
43127.84
2159,19
854,26
135¢,92
1969,59
=23101.87
"AT0Y16T
279086
235,55
»3218,82
“2866,%5n
»T83911
*T806.8p
»8G50.93
“7TS500:95
'10599|79

z

60248475
S609%. 38
6056?059
57945.07
62689407
61380426
4avart, 8
58597.84
57784, 39
59398-19
5540174
626749
63870011
6357 3.28
SBn91.58
5982227
5847108
6n328.16
5T623.96
58737478
6336155
62999009
58927404
63&“&0&?
64547282
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hdkhkakdhkbh kb Nk adthe WEIGHYS USED IN SPLUTION shesddasdnbabdtbdhobdbe

THF WwETGHT MATRIX FOR THE TRANSFORMATINN pARAMETERS

04100g=07 0,0 0.0 0,0 0,0 0.0 Vel
0.0 0,100g~0T7 0,0 0,0 0,0 0,0 Oe0
0.0 0,0 0.100E"CT 0,0 0,0 0,0 0.0
0.0 0.0 O|0 O.IOOE"OT 0|ﬁ 0.0 0.0
0,0 0,0 0,0 0,0 0,100e=07 0,0 0.0
Q.0 0,0 0,0 N0 0,0 0,100F=07 UL0
0.0 0,0 0,0 0,0 0.0 Q.0 Ue100F=07
THE GROUND CODRDINATE WEJGKFT MaTRIX
0.,1000¢ =01 0,0 0,0
0,0 0,1000F=01 0,0
0.0 0,0 0.2000E=02
THE MODEL CUDRDINAYE WEIGHT MATRI ¥
0.,6964F=04 0,0 0.0
0,0 0,694aF*04 0,0
0,0 00 0,8000E*03



TRANSFDRMATION

Y Y222 222232 X222 R XX 2L

88

ITERATION NUMBFR 1

N 2L LI T Y]

(22 X222 RSS2 X222 22222 3]

*
*
*

SIGMA ZERO= 0,1043f 00

*
»
*

(R A2 SRR SR 2SR 2R 2220 2N

P ARA

#mETLRS

SCALE FACIDR

TRANSLATION
TRANSLATIUN
TRANSLATION
ANGLE OMEGA
ANGLE PH1
ANGLE CApA

IN X
IN ¥
IN 7

OLD VALUE

1,10000
220,000
-215.000
30,000

19 33 42,99
=20 =8 «5,54
36 46 3926

ROTATIDKS IN RANIANS

ANGLE OMEGA
ANGLE PHI
ANGLE CAPpA

0,34141994

"0.,35141993
0.,6418R993

CORPECTION

«0,1000¢ 00
0,3208F Q2
=0,2085F U2
0,98R3F 01
0r31~20,22
1 1 47,42
1 35 28,2%

*0.9816p=02
0:1797¢=01
0:27T7TE=01

NEW yvALLFE

0,49999b
252,477

=235,85%2

3g 883

19 2 22.68
=19 =6=18,0Y%
38 22 7.53

0.3323083
0233344579
0466966140

DEVIATINN

0'2122E-Q3
0, 1049 02
0,1223F 07
0 A175E o7
0 0 39,80
0 0 31,35
0 0 52,24

0+1938¢=p3
0:1520F=02
0+2%33g~03



(23 2TFZ SIS ZZ XSS X2 8222 }J

89
ITFRATION NUMBFR

2 .

Y2232 222X3 22X 2R 20

SIS R SRR SRS A2 R A2 AR 2 A2 &

*
*
*

sIgMp ZERD= 0,1031F 00

L
*
*

'YT3IZ XXX 2SR TR AR LS SR

TPANSFDR

P YT T Ty YT TR YR A P L L L L LT

SCALE FACTIDR
TRANSLATIUN IN X
TRANSLATION IN ¥
"TRANSLATION IN 2
ANGLF OMEGA
ANGLE PH]

ANGLE CAPA

19
-19
38

ROTAT 1DMS IN RADANS

ANGLE OMEGA 0
ANGLE PHI =0
ANGLE CAPpPA 0

MATTIDN P APRA
oLD VALDE CORPECTION
D.9999§ 0,5561r=03
252,477 =0,3349%¢ (2
=235,852 0.2131F 02

39,683 0+,1961F 02
2 27466 0 =3=2¢,71
6= 0,09 0 6 3&,.05
22 7453 0 9 11,26

233230830 =0.1002g=02
+ 333448579 0+i910F=02
+6696€L06 0.2673F~02

m ETERS
NEW VALLE DEVIATIOM
1,00053 0.,2098E~03
218,986 Pe1134F 07
=214 ,538 t,1300F 0P
59,494 0,1278F 07
18 58 55,95 c 0 42,44
"LE=59% 84,07 0 0 33,81
38 31 18,83 ¢ 0 S6,47
0e33130211 0+2056g=03
=(e3I3]HI5a¢ 0.1620E£=03
0.67233080% 02T 35F=03



a0

Ahhk g ghhhk kbt hdardhdkwnhdrhd FINAL DUTPUT atdd b n btk ad o tdhrAdddraddhaw

YHE SDLUTION CDNVERGFES AFTER TTERATION NUMBER 3

XA T T LY L LT R B Y P YR O Pl Y ] XY LN Y Py

ISR XIS SR SRS 2R RRE S EE RS LY

* *
* S1GMA ZERO= Q,1031F 00 *
* . *

L X2 2R RRZ SRR R AL REXTERE S Y]]

TRANSFORMATIL DN PARAMETERTE

LI AT LA R LY Y R Y LY PN ) Y T Y N N P

DLD VALUE CORRECTIDN FINAL VALUE DEVIATION

SCALE fFACTOR 1,00083 0,5468F .05 1,00054 0,2099E=03
TRANSLATION IN X 21B.986 =0,3506F 00 216,635 0,1132F 02
TRANSLATION IN Y -214,538 0.1823F 0O =214,303 0,1297¢ o2
TRANSLATIUN IN 7 99,499 0+1574F 00 59,651 0 12TE B2
ANGLE OMEGA 18 58 55,95 0 0 0.02 18 58 55,95 C 0 842,34
ANGLE PHI =18=56"448,07 0 0 0,01 =18=5%~44,p1 ¢ 0 33,37
ANGLE CAPA 38 31 18,83 0 0 "p.46 38 31 18,33 0 0 56436

THE VARIANCE«CUVARIAMCE MARTIX Np THE TRANSFURMAT]ON

0ola08r=07=0:6512p"p3%006348c%03 04260 1F=02% 00 1210E=07 00103I3E* 070+ 335108
=0+6512¢~03 041280 03%0+3355; 00" 043776 02 0+5856F=03=0415B0E"02 041707 F"02
"0.6348p=03%0.3352F 00 001683 03°0,3865¢ 02 0:¢2380FE"02"0+3392¢"03"0+9976£~03

0+2661F=0P"0:s37T6F 027 003865¢ 07 0¢1631F 03=0«TSSTE"03 02626103700 1906F" 03
"0e1210F07 045656p=03 0¢23B0F"02"0475STE=03 044P14E=07"0.T335E%08 0.T780E08

011033E=07"0+1580F"02"0+3391F=03 0+6262p=03=047334F~08 0,2617¢%07"0. 4897 =08
*013351608 0.1707E"02"0+99TOF=03"01906F~03 O«77BOE~08"n,4B9TE" 08 0, T46S5F™07



NUMBRER

| 3
SO W™ E W) e

s il
W A} e

14
15
16
17
18
19
20
29
22
23
24
25

=12068,352
.3183010r
635,918
4583,406
9839,723
~11166,414
=2525,752
~573.482
$339,230

11101,343

=1n894,473
»5827,207
323,315
S021.,102
7a218,184
=9891.016
'6315»281
=3p25.025
730!075a
11728,32¢0
=R&84a, 367
=%643,3p1
2608,95y
1T19,122

13101.598.

Y

2559, 168
9110.813
10145,344
8574,953
8419,285
10654517

752].273

2661,634
370,967
4312,880
2159,314
854, 36¢
]356.695
198906“3
'?301l760
=6T01.730
*2290,816
235,29%¢
=3214,%19
*2B866,526
=7819,023
=T806.816
8951, p0°F
=7500.844
"10595.902

z

60849,133
56498,746
60865,816
57945,2149
62688,8%9
61379,6%6
64748,109
RE89R 977
5TTBA, 3
590397,902
55801160
628TS,T>T
63IATL,277
635T7T2.,836
58090.805
$59023.3n%
58471,195%
60328,7%0
57623,583
5873R,539
63360,4%3
62898,6¢64
5892743180
63843,965
61548,9n8

LIST DOf ADJUSTED GROUND CODRDINATES

$1G(X)

Det027¢
Del1p26F
0+ 1026F
0e1026¢
0:1026F
Oel1026F
Gu1026F
0+ 1026F
0:1026F
0,1026E
0e1026¢
0+ 1026F
C.1026F
0s1026¢
De1026¢
0e1026E
0+1026F
Qei026¢
0v1026¢
Qe1026¢
0s1026p
Qe 1Q26¢
0e1026¢
0v1026¢F
0e1027¢

01
01
01
01
vl
o1
01
01
01
ot
01
01
01
01
01
o1
th
0t
01
01
01
01
01
01
01

STGCY)

Cel1027E
C+1026¢
C+1026¢F
Ge1026E
Ge1027F
Ge1026¢
Le1076F
Le10?6¢
(s1026F
Ge1074F
UGIO?TE
P 10P6F
0+1026F
Cet026€
Le1026F
Ge 1027
GeY026F
Ge1026¢
0e10P6F
Ge1026F
Ge10P6F
Ge 1026
G+1026F
e 1026
0e1027F

01
ol
ot
01
01
o1
01
o1

01

01
01

01
o1

01
01
01
01
01
ot
01
01
ot

£$16(7)

N.2173E
0.2158F
0.2159E
0e2156F
D.2171F
0+2157E
0.,2159E
0021“3E
0.2149F
0,215¢F
0.2167F
0s214T7F
0:2186F
0:2450E
0+2150F
0+2166F
Ne2151F
De2143F
0e2152F
0:2160E
N« 2459
0«2158F
0:2159F
0+2154F
0+2181F

0t

01
o1

01
01
01
01
o1
ol
01
0t
o1
01
o1
o1

01
0t
o1
01
01
0l
13 |
ot
01

L6
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6,3 710 DETERMINE THE UNCERTAINTY IN THE NRIFNTATYION OF THE SURFACE DEFINED
rY A SET DF TRIANGULATED PASS PRINTS

6,3.1 INPUT DATA

3 9 9 8 1 1
1,0
1.005[+06 1,000FE+06 1,000F+006 1.000¢6+06 Y,000E+06 1,000F+06 1.000F+06

12345 1234567 123 5432)
T =205573.4 “B4998,8 Ba&T5,1
B =183918,14 “g944),8 B6030,0
¢ =161431.8 =9438045 89482,9
49 =2273B4.+6 =3I526,.5 Baed2.8
50 =204120+1 "32604.7 86a55,7
59 =4179883,2 =38225.9 01487548
91 *=250402+5 IN956,8 Bo707.9
92 =225T4B,3 30354,6 82195,1
93 *199706+4 24186,2 8600447
7 E.4 11.3 16,9
e Ted 19,7 3142
9 6,3 10,3 14,6
49 644 5,1 16,4
50 8,0 646 2.4
51 6.3 5.“ 13.5
9i 846 io,8 20,3
52 1i.4 1546 31.7
23 To& 9,3 17,7
0,5 041
50,0 10,0
(. Q.2
1.0 0,2
$t+000E=10 1.,000f=10 1,000F=10

9



6.3.2 OUTPUT 93
GFNERAL DATA

NUMBER OF POINTS USED IN THE SOI UTTON 9
MAXIMUM NUMBER DF ITERATIONS ALLOWFU - 8

THE yARIANCE«COVARIANCE MATFIY FOR THE TRANSFORMATIUN PARAMEIERS

¢(ORDER OF VARIABLES = SCALF»DXsNY,NZsOMESPHISCAPA)

0.0
Cs0
0e0
Le0
Uesl
00F U7 Q.0
0-100[ or

OO0 OO
- * & & 5 & B
o= OoC oD

DOO0ODO O0OQ

0.0
0,0
0,0
0+100F 07
0,0
0.0
0,0

L2 X R KR E AR AR R R PR R Y S N S R R R E.E ]
L 2 ' "
* SIuwA ZERO= 1,00000 *
* *
et el e e v ok W o e o e v o ke o ot ok ok kN R e



OO O N B ) e

THE GIVFN MODEL

MUMBER

a0~

49

51
91

97
93

X

20557 3430
~183918,38
=161431.75
=227 388,56
=208120406
~{79B83,1Y
=250802,50
=228748,25
=19007 06, 3Y

94

COURDINAYES OF THE CONTROL POINTS

Y

8900856
=BQ4a1.75

*Ga3an.50

=27526+50
=32641.70
=3FP225.90
AE9% 4,80
3Ir3BNe60
Z81PE20

7

bas! 5 pb
9487,88
EA6EZTS
bHaDS .69
Y14b7r,38
bOTLI BB
EP3¥e, 25
bEO(L B9



THE DEVIATIONS DF THE MOQFL

NUMBER
7

8

9
49
50
51
91
92
€3

O M~ 0N

SIGMA X

6,3999996
T 09999¢4
647999092
6£.3999996
8,0000000
6,2999997
8,599%9%4
1143999096
7T:59690094

95

CUDRDINATES OF THE

SIGMA ¥
11.2999092
19,690004%
10.2909902

5+29990902

6.,5929904
5.39000906
10439259006
15,5999904
9.2999902

CUNTRDL POINTS

SIGMA 2
16.,89999139
31.199¥949
14.,5995%904
16,3994¢93%
29,3999V
13,5000000
20,299%870
31,699v9¢6%
17.699494Y
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Wk hkhhhn kAN ARk kb ndk  PRINT JUT UF INPUTI wwdaddkdurddbnbdodddibgn

THE ARBITHARY ROTATIONS (OF THE MODEL

IN RAD IN DLGRELS
OMEGA U,00676a8 0 23 16,171
FHI 0,0118747 0 40 495,331
CAPA 0,0118878 0 40 47,904

APPROXIMATIONS FOR THE TRANSFORMATIOM pARAMFTLRS

PARAMETER APPROXIMATION
In PAD IN DEGREES

SCALE 1,04620

TRANMSIATION IN X 39,458483

TRANSLATION IM ¥ 47,14769

TRANSLATION IN Z 2T 77587

ROTATION DMEGA =0.,00326 ¢ =11 =12,32n
RNTATION pPHI *0.,01163 0 =3y =59,2%A

ROTATION CAPpPA =0,01065 0 =30 =3¢,78p



D D 0N B W) e

GROUND COURDIMNATES « (GENFRATED BY RPTATIOGN OF THE GIVEN MODEL COORDINATES)

MUMBER

X

»207558,44
=185975.,50
“163591,238
228680,00
=205500.81
'181393038
=25p0689,31
~226325,44
*200403,44

97

Y

*81965,94
"8£654438
01797 :+56
28208052
=20619.05
=354554+57
30882447
33599.91
2714798

Zz

g2801,. M1
ba4a3.38
BB1Ye 08
b2161,06
b4246,69
869601.50
T74683,5%4
79502, 38
b3ab1.50
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VARIANCF~COVARTANCE MATRICFS

THE yARTAMCESCOVARIANCE MATFICES FOR MNDEL CODRDINATES

PIINT

POTNT

POINT

FOINT

POINT

PRINT

PRINT

POTNT

FOINT

THE vARTANCE «CDYARIANCE MATRICES pUOR GRPOUND CNORDINATES

49

50

51

91

92

91

0+40960Q0¢F

$6900F

- -
2w

09600¢F

0.739600F
0.0
0s0

0.12996&0F
0.0
0.0

0+577600F
0.0
0.0

0.1
0.0
0.0

e

vz

ne

Ly

ue

o

0z

03

vz

D000QF=~1¢

040
04127690F
Ga0

0.0
0« 3B80%0F
Va0

0.0
0106090F

0.0

0.0
Ce2RB00COF

0.0
D.291600F
040

0.0
0D,108160F
Ge0

0.0
0.283360F
0e0

oo

' 0
+BAAGODF
«0

0.0

o3

03

03

0?

0?2

07

03

013

0?

0.100000F=19

0.0

0.0
0.0
n,285610F

0,0
0,0
CeP73440F

N.182250F

0,0
0,0
N.812089F

0,0
0,0
0,100489¢

040
0.0
0.313290F

0,0
0.0

(222X AR TR

03

03

03

03

0

o4

03

0,100000F=1¥%
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Rudhwphpphbhhnthbndnns  WEIGHTS USED IN SPOLUTION Sadnshananadddsddadiis

THE WEIGHT MATRIX FOR THE TFANSFORMATINN PARAMETERS

040

Ge0

s

Ge0

0,0
00E=U5 U0

0s100¢=05

QOO0 QQ
- 4 » o ®» =2 @

O 00000

THF GROUND CODRDINATE WEIGHT MATRIy

0.10008 21 0.0 c.0
Ge0 0.100CF 21 0,0
0.0 0,0 0,1000E 21

THF WwEIGHT MATRICES fFOR THE CNORDINATES Or THF MUDDEL POINTS ¢ CONTROL ANp UNg

POINT 7 0,2441€e=01 0.0 ¢.0

0.0 0.793!{:-02 0'0

Oe0 : 0.0 0,3S01E=02
POINY 8 0,1984E=01 D0

0,0 De2FTTE=D?

Ds0 0+0
PRINT 9 0,2520€+01 0.0 0.0

0,0 QeSU26E=02 090

0,0 0.0 0,88601¢g~02
PRINTY 49 0,24481F«01 0.¢ 0,0

C,0 0.3560£=01 0,0

C.0 0.0 0,3718E=02
FOINT 50 0,1563E=01 0.0 t,0

0|0 002296E'01 000

0,0 0+C 0.,1187E=02



POINY

POINT

PRINT

POINT

51

91

97

93

100

0
¢« J829FE =01
0

oo O

Q.0
DeSPARE=Q2

0.0

Qe
0:8109E=07
Dt

0.0
0:1156FE=01
Qo

0e3192E=02



2T RANS AR RS2

101
ITEFATION NUMBFR 1

[ ZZTEEZIRIR RS AS2 X S S

(ZX RS RR A S AR R 2R 2 R 22}

*
W
»

S1gMA ZERD= 0,13F6F 0O

-
L]
*

[Z2ZEE2R R SRR RIS 2 22 2 X

TRANSFDOR

M AT I ON

rFARARETERS

OLD vALUE CORRECTION
SCALE FACTDR 1.08620 =0, 8g2if=01
TRANSLATION IN X 39,485 =0,3793F 02
TRANSLATIUN IN ¥ 47,348 -O.QS?QF 02
TRANSLATION IN 2Z 27776 =0,2475F 02
ANGLE OPEGA 0=11=12,32 O=11=859,78
ANGLE PHI 0=39"59426 0 0=3p,43
ANGLE CAPA Om36w=3€ .79 0 =be15,99

ROTATIONS IN RADIANS

ANGLE OMEGA
ANGLE PHI
ANGLF CAPA

~0,0032%950
"0a01163193
=0.,01065033

"0e38%0F=02
=0:1475¢=023
=0s120 =02

NEW VvALUE DEYIATINN
0,9999% 0,p843Fe05
2.354 0.3721F 01
2,05¢% 0.256%F 01
3,022 P.B15%9F 01
0=23=12,1¢ 0 0 4,8
0~40"29.6% 0 Ta.87
0%40%52,76 © O 1,32
"0s 00078911 0,2236g=048
=0e01177545 0.3838f=pa
"0s01180914¢ 0ebS0%Fc=0%



X 222222225232 2R X 2K

102
ITEFATLON NUMBFR 2

R A AL EI TR ALY NRE

I 222 AR RS AR SRR AR 2% X

*
*

*

SIGMA ZERD= 0,1648g=-01

*
*

*

S22 RS RSRRs RS 2R ZRR R R R R N

TRANSTFIOR

MAT1TQON

PARAMETERS

(XA LR XY R XY B X L R L LR NN YR T N R R g g

SCALF FACI0OR

TRANSLATION IN X
TRANSLATION IN ¥
TRANSLATION IN Z

DLD VALUE CORRECTION
0,99999  0,67%2F =05
24354  =0,2576F 01
P.059 =0,1B79F U1
3,022 =0.,31K1F 01

ANGLE OMEGA D=23"17.10 0 0*33,14
ANGLF pHI 0=40"29.69 0 0 =2,77
ANGLE CAPA 0=40=%2,78 0 o~11,64

ROTATIONS IN RADIANS

ANGLE OMEGA -0
ANGLE PHI =0
ANGLF CAPA =0

c00678911 «0,1606F~03
(01177945 =0, i1324FwQ4
,01180142 »p,5683p=04

NEW VALLE NFYIATINN
1.0000¢ U104 7TE=DS
=0,171 0,4690[ on
0.17% 0,3242F 00
"0.,13% 0. 1029 01
0"23=45,24 0 0 0,58
0=40" 324486 " 0 D.90
O=41 =4,4¢ ¢ 0 0,17
=0.008690976 0, 2820p=05
*0.011792R% 0C.4B10E=0=

“0.01194784 0,B1R80F=06
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Fhkddhhdhbhknt b rbdadhbnhhkdd FINAL DUTPUT addddnsdddddodwndrdbndatobes

THE SOLUTIDON CONVFRGFS AFTER JTFRATINN NUMBER 3

XA RSN RR R ERRR R RS2 ]S

*
*

w*

SIGMA ZFRD= 0,1638g~0)

*
*

*

L EAR 2R3 222X RS2 22} X

TPANSFDODRMATION

PARAMETERS

------.-------.-.---’-.-----.----------.--.‘..--.

SCALE FACTOR
TRANSLATIUN IN X
TRANSLATIUN IN ¥
TRANSLATION IN 7
ANGLE OMEGA
ANGLE PHI

ANGLE CApA

YHE VARIANCE=CUVARIANCE MARYIX PF THE TRANSFORMATION

001023p=1170+2883p=06=0¢197Y¢~08=002600F"08=0s8096F=$3 0,8372g"12
*0s28R1F=06 0+.21T8F 00 0+71565%01 0.3997F 00 QeTOOTE* 060, 1¥BOE" 05
=0 t9R0F=08 0.7156F"01 00103% 00 04”211BF 00 0.s7730E=06=0.9265E"06
=0e26066=08 0.399TF 00 0.,2118¢ 00 0,1046F 01 0,1981FE=05"0,a834E"05
“0e80965"13 0.7097F"06 0s77305%08 0o 19B1E"05 0s7858F=11~0, 855811
0e8372¢~12°0.19B0FE" 05" 0e9265F~ 06" 0, 8838F=05=0¢8558E=11 0.24B7E"10"0.7759¢=12
0e1838F"12 0.1033F*07 001718~ 08 0s1B23F=06 0214640FE=12"0.T7SVE"12 0s6641F~12

OLD VALUE

1.0C000
0171
0,179
"0.1319
O-?B'ﬂ5.24
O=40%32.,46
o=43) ~A4,42

CORRECTION

0.8081Fw06
=0, TBOOFE=01
=0,203¢F U0
*0,3826F=01
0 0 "0.035
0 0 0.1}
0 0 *"0.18

FINAL VALUF

1,00000L
=0,25¢
=0,024
0,177
p=23%45,2Yy
0"a4p*32,234
0=41 *8,6(

DEVIATIQN

U 1011E=05
Uy 4663F 00
0,3223E o0
Pe1023F 01
0 0 0,58
r 0 0,99
C 0 017

0«1438f=12
D«1033g=07
D« 17$RET06
0+1823F=06
Bed680F"12



NUMBFER

O e~

4%

51
91
92
93

=207558,438
-1859750500
=163591,375
“298680,000
=205500,832
={89393,375%
=250889,313
=226325,438
=200403,438

Y

=81965,9 38
“Bs656, 375
“01797.563
=28240,51¢
29619, 05%
*35455,578
39482,469
33599,91¢
27147,984

Z

B2RD1+313
Bangi.3rs
BB196,063
B21614+0¢3
Basas,608
89601500
TTHB3,563
T9500,375
B3461.5n0

LIST OF ADJUSTED GROUND CONRDINATES

SIG(X)

Qe1638F=11
0e1638¢~11
Os1638F=11
0163811
0+.1638F~11
00’638['11
Ds1638~11
0s1638E~11
Pe1638F=11

STGeYY

Lel163BE=11
Ge16ABF™ 11
Ue1BIBF" 1
(+16385™41
Ue1638FE=y 1
Us3638E=11
Lr103BF=11
Go1638F=11
Ge1638E~11

8$1G6(Z)

0.163BE=11
0s1638E=11
Ns1638E=11
0e1638E~11
0s1638F=11
0.1638¢=11
0e1638F=11
0.,1638E=11
De163B8E~11

70L



Virginia 22151,
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CIVIL ENGINEERING STUDIES
PHOTOGRAMMETRY SERIES

The Photogrammetry Series publications are available through the
National Technical Information Service, Operations Division, Springfield,

fiche.

No.

1963

1965

1965

1966

1967

1967

1967

1967

1967

H. M. Karara

A. A. Elassal

Gordon Gracie

=
-n

. Madkour

H. F. Soehngen

b. C. 0'Connor

D. E. Moellman

. Soehngen,
. Tung &
. Leonard

oo
=

H. M. Karara

STUDIES IN SPATIAL AEROTRIANGULATION,
Technical Report. No. 5, Engineering
Experiment Station, University of
ITlinois.

ANALYTICAL AERIAL TRIANGULATION
THROUGH SIMULTANEQUS RELATIVE
ORIENTATION OF MULTIPLE CAMERAS.
(NSF-G-19749),

A STATISTICAL INVESTIGATION OF THE
PROPAGATION OF RANDOM ERRORS IN
ANALOG AEROTRIANGULATION.
(NSF-G-19749}),

THE EFFECT OF THE ANOMALOUS GRAYVITY
ON THE DIRECTION OF THE VERTICAL

AS DETERMINED BY A MECHANICALLY
PERFECT INERTIAL PLATFORM.
(NSF-GK-776).

STRIP AND BLOCK ADJUSTMENTS OF THE
I.T.C. BLOCK OF SYNTHETIC AERIAL
TRIANGULATION STRIPS,
(NSF-GK-776).

VISUAL FACTORS AFFECTING THE PRE-
CISION OF COORDINATE MEASUREMENT
IN AEROTRIANGULATION.

A COMPARATIVE STUDY OF TWO-PHOTO
VERSUS THREE-PHOTO RELATIVE ORIENTA-
TION. (NSF-GK-776).

INVESTIGATION OF BLOCK ADJUSTMENTS OF
I.T.C. FICTITIOUS BLOCK USING SECTIONS
AND THE ITERATIVE AND DIRECT SOLUTIONS
OF THE NORMAL EQUATION SYSTEM.
(NSF-GK-776).

MONO VERSUS STEREQ ANALYTICAL PHOTO-
GRAMMETRY -- Part I. (DA-1338-X).

USA, at $3.00 and up per paper copy and $0.95 per micro-

N,T.I,S.
Accession No.

PB 176 458

PB 176 459

PB 176 460

PB 176 461

AD 663 821
PB 176 462

PB 179 567

AD 664 184

Information in parentheses refers to the contract number of the project's

sponsor,



No.

10

1

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

1968

1967

1968

1968

1968

1968

1968

1968

1968

1968

1968

1968

1968

1969

1969

1969

1973

1971

106
CIVIL ENGINEERING STUDIES
PHOTOGRAMMETRY SERIES
(Continued)

Accession No.

G. Inghilleri A TREATISE ON ANALYTICAL PHOTO-
GRAMMETRY (LECTURE NOTES).

S. Weissman STEREOPHOTOGRAMMETRY AS A MEANS OF
ANTHROPOMETRY FOR MENTALLY HANDI-
CAPPED CHILDREN (MH-NB-07346-01A1),

D. E. Moellman A UNIVERSAL DATA REDUCTION SCHEME FOR
& H. M, Karara CLOSE-RANGE PHOTOGRAMMETRY (NSF-GK-1888).

S, Weissman HORIZON-CONTROLLED ANALYTICAL AERO-
TRIANGULATION. {NSF-GK-776).

H. M. Karara MONO VERSUS STEREQO ANALYTICAL PHOTO-
& G. W. Marks GRAMMETRY -- Part II. (DA~1338-X).

H. M. Karara ON THE PRECISION OF STEREOMETRIC
SYSTEMS. (NSF-GK-1888).

K. W. Wong GEOMETRIC CALIBRATION OF TELEVISION
SYSTEMS FOR PHOTOGRAMMETRIC APPLICATIONS.

K. H. Wong PHOTOGRAMMETRIC QUALITY OF TELEVISION
PICTURES.

S. Weissman ABOUT THE INCORPORATION OF HORIZON
PHOTOGRAPHY IN ANALYTICAL AEROTRI-
ANGULATION. (NSF-GK-776).

€. Malhotra GRID PLATE CALIBRATION.
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